ime 
BIOCHEMICAL 
JOURNAL 











CAMBRIDGE UNIVERSITY PRESS 
LONDON: FETTER LANE, E.C.4 





H. K. LEWIS AND CO., LTD., 130, GOWER STREET, LONDON, W.C, I 


WHELDON AND WESLEY, LTD., 2—4, ARTHUR STREET, NEW OXFORD 
STREET, LONDON, W.C. 2 


PARIS : LIBRAIRIE HACHETTE & CIE, 


CHICAGO : THE UNIVERSITY OF CHICAGO PRESS 
(AGENT FOR THE UNITED STATES) 


BOMBAY, CALCUTTA AND MADRAS: MACMILLAN AND CO., LTD. 


TOKYO: MARUZEN COMPANY, LTD. 


All rights reserved 

















THE 


BIOCHEMICAL 
JOURNAL 


EDITED FOR THE BIOCHEMICAL SOCIETY 
BY 
ARTHUR HARDEN 
AND 


CHARLES ROBERT HARINGTON 


EDITORIAL COMMITTEE 


Pror. G. BARGER Str F. G. HOPKINS 
Pror. V. H. BLACKMAN Sir F. KEEBLE 
Mr J. A. GARDNER Pror. W. RAMSDEN 


Sir E. J. RUSSELL 


VOLUME XXVII 1933 


PART II, pp. 7061 to end 


CAMBRIDGE 
AT THE UNIVERSITY PRESS 
+933 








Vol. XXVII, No. 4 
THE 


BIOCHEMICAL 
JOURNAL 


EDITED FOR THE BIOCHEMICAL SOCIETY 






















BY 


ARTHUR HARDEN 
AND 


CHARLES ROBERT HARINGTON 


EDITORIAL COMMITTEE 


Pror. G. BARGER Sm F. G. HOPKINS 
Pror. V. H. BLACKMAN Sir F; KEEBLE 
Mr J. A. GARDNER Pror, W. RAMSDEN 


sir £. J. RUSSELL 





LONDON: 
CAMBRIDGE UNIVERSITY PRESS 
Fetter. Lane, E.C. 4 
also 


‘ CuicaGo: The University of Chicago Press 
(Agent for the United States) 


Bomsay, Catcurra, Mapras: Macmillan 
Tokyo: Maruzen Company, Ltd. 


All rights reserved 


1933 
Price. Fifteen Shillings net 


PRINTED IN GREAT BRITAIN 





The Biochemical Journal is conducted by the Biochemical Society and is published 
by the Cambridge University Press. 

This Society has been instituted solely for the advancement of the Science of Bio- 
chemistry. Persons interested in Biochemistry are eligible for election. 

Meetings are held at different centres for the communication of papers to the 
Society. 

Members are entitled to receive a copy of the Journal. Further information as to 
the conditions of membership may be obtained on application to the Hon. Sec., 
Prof. A. C. Chibnall, Imperial College of Science and Technology, South Kensington, 
S.W. 7, or to the Hon. Treas., Mr J. Addyman Gardner, 24 Palace Mansions, Kensington, 
W. 14, to whom subscriptions should be sent. 

Papers for publication should be sent to Prof. A. Harden, F.R.S., Sunnyholme, 
Bourne End, Bucks. Communications respecting the printing of the articles, or respecting 
the purchase of offprints should be addressed to the University Press, Cambridge. 

The Journal is issued about every two months and the date at which each paper 
is received by the editors is printed at the beginning of the paper. 

All communications respecting the purchase of copies of the. parts or volumes, 
whether current or back issues, or respecting subscriptions in the case of non-members of 
the Biochemical Society (£3. 10s, Od. net per volume (post free) payable in advance) should 
be addressed to The Cambridge University Press, Fetter Lane, London, E.C.4, or to. the 
Hon. Treas., Mr J. Addyman Gardner, 24 Palace Mansions, Kensington, W.14, For 
prices of back numbers and volumes see list on p. 4 of Wrapper. 

Quotations can be given for Buckram binding cases and for binding Subscribers’ Sets. 

The Cambridge University Press has appointed the University of Chicago Press 
agent for the sale of the Biochemical Journal in the United States of America and has 
authorised the following subscription rate, viz. $17.00. 


Notice to Contributors. 

1. Contributors who are members of the Biochemical Society receive 25 copies of 
their papers free and can purchase additional copies if notice be given when their proofs 
are returned. Other contributors may purchase reprints but receive no free copies, 

2. Papers forwarded to the Editors for publication are understood not to be 
offered to any other Journal for prior or simultaneous publication. 

3. All communications intended for publication must be type-written. 

4, References. References to literature should be arranged alphabetically 
according to authors’ names at the end of the communication, each accompanied 
by the date, title of Journal, volume and page, thus: Ackermann (1912), Z. Biol. 
59,17. In the text the reference should be indicated by the author’s name and the 
date, enclosed in brackets, thus [Ackermann, 1912]. If reference is made to 
several papers published by one author in a single year, these should be numbered 
in sequence and the number quoted along with the year both in the text and in the 
collected references. 

5. Ohemical formulae should be written, as far as possible, in a single horizontal line. 

6. Tilustrations and curves accompanying the papers must be carefully drawn, 
about twice the size of the finished block, on smooth white Bristol boards or ordinary 
curve paper in Indian ink. Any lettering on these drawings should be lightly inserted 
in pencil, Further information can be obtained from the Editors. 

MSS. for the successive numbers of Vol. 27 should be in the 
hands of the Editors before the Ist of January, March, May, July, 
September and November respectively. Contributors are specially 
requested to arrange references in the manner uniformly adopted in 
this Journal. 














$i . ‘ Fi 
tue ) : 
' ig ; 
5 

Sd 3 H 

: y 3 * 

a ust = i 

é « - 
io ba + 
Ne 5 < 
* ss eee 
a . P 
. ‘ a f 5 , 
‘ eee e bone : * : a 
ot oo 

S ‘ 5 : e Ta 

= ‘ 3 og na a 
ten : bee ree 
- ms re ee a ; 
aia cnn cig ig ee a 





Se NO cs 


A ti RATT gi nl bl. Aa i aI 





* fs 
ee ee ene er eas 





eee 








OBITUARY NOTICE. 


NORMAN URQUHART MELDRUM. 
1907—1933. 


NorMAN URQUHART MELDRUM was born in 1907; he died, at Cambridge, on 
June 7th, 1933. His premature and tragic death has robbed this Society of 
one of the most promising of its younger members and has left a sad gap among 
his colleagues and friends. 

Meldrum was educated at the Grammar School, Aberdeen, at Edinburgh 
Academy, and, later, at the University of Edinburgh, which he joined in 1924. 
His career at that University has been described as brilliant; he obtained his 
B.Sc. with first class honours in 1928, and was in that year elected to a Carnegie 
Scholarship. He came to Cambridge, and commenced research work in the 
Biochemical Laboratory. He received a grant from the Department of Scientific 
and Industrial Research, and was in 1930 elected to a Beit Memorial Fellowship. 
He obtained the degree of Ph.D. in 1931. 

His quality as a researcher showed itself at a very early stage. He com- 
menced to do sound work, full of promise, almost at once; the “latent period” 
through which even the ablest pass before they begin to produce effective work 
was, in his case, unusually short. His attention, for the most part, was directed 
to the cellular oxidising systems. With Dixon, he was responsible for an ex- 
haustive investigation of the behaviour and properties of crystalline glutathione, 
which had recently been isolated by Hopkins, and which was shown by the 
two workers to differ in certain important respects from the original amorphous 
preparation. This work was extended by Meldrum, independently, to an 
examination of the behaviour of glutathione with yeast, and, later, to its re- 
duction by mammalian erythrocytes. Still retaining his interest in sulphur 
compounds, Meldrum published, with Williamson, a brief account of a method 
for isolating ergothioneine from blood. 

In addition to this line of research, Meldrum published an interesting paper 
on some of the properties of haemoglobin and methaemoglobin; more important 
than this, however, he broke, with Roughton, entirely fresh ground, when he 
studied the enzyme “carbonic anhydrase.” He and his collaborator showed 
that the power to decompose carbonic acid was not, as had previously been 
thought, a property of haemoglobin, but belonged to an enzyme, carbonic 
anhydrase, which Meldrum prepared in an active state, and free from haemo- 
globin. At the time of his death much progress had been made with the study 
of the behaviour and properties of this enzyme; only preliminary reports have, 
so far, been published. 

Meldrum’s early training had been largely that of a physical chemist, but 
he had read widely in other branches of science, and his work showed no trace 
of narrowness of outlook. He had a keen mind and was well read in many 
non-scientific subjects. He was always ready for discussion, full of ideas 
and problems and showed that he had a quick intellect and a keen sense of 
humour. It was characteristic of him that he hated to do things by halves. 
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He felt that he must be a good, if possible, an excellent performer, in any 
undertaking in which he engaged. Some time before his death, he took up riding, 
and it was typical of him that he devoted almost every moment that he could 
spare not merely to enjoyable canters near Cambridge, but to the far more 
strenuous business of making himself a really good horseman. This keen desire 


to do whatever he undertook really well was combined with a streak of rather 
reckless disregard of personal safety. The writer well remembers Meldrum’s 
insistence on joining a party in a distinctly unsafe yacht on the Plattensee, on 
a day on which the weather was more than doubtful. Such a performance was 
well enough for reasonably good swimmers, but Meldrum could not swim a 
stroke, a fact that was revealed to his companions only when it was too late 
to turn back! 

His loss will be keenly felt by many; by those who knew him as a keen and 
competent experimenter; by many who found him an interesting and intelligent 
friend, and a pleasant companion on holidays, either at home or abroad. He 
was a good and conscientious teacher, and had he lived, he was to be entrusted 
with the somewhat exacting task of taking charge of a course for the second 
part of the Natural Sciences Tripos at Cambridge. ee 

E. G. H. 





CXXV. CHLORIDE AND WATER IN THE 
CONSTITUTION OF TISSUES. 


By HAROLD GEORGE CLOSE}. 


From the Pathological Laboratory, Guy’s Hospital, London. 
(Received April Ist, 1933.) 


It has already been shown [Osman and Close, 1930] that the bicarbonate and 
chloride of the blood-plasma as well as the water of subcutaneous tissues show 
variations in the human subject with age and sex and in health and debility. 
A similar investigation has now been carried out on the chloride and water of 
other tissues, and it has been found that the differences due to age, sex, ete. 
were not so marked as in the observations made on the plasma. 

The chloride and water values in the tissues were also considered from two 
other points of view. 

(a) Their relationship to each other and to the other constituents of tissues. 

(6) Their correlation with clinical manifestations and pathological states. 

Subsequently the former of these (a) became the chief line of investigation 
when it was noticed that there is law and order underlying the apparently 
haphazard arrangement of the principal constituents of tissues, though un- 
fortunately it is not possible at present to do more than indicate the broad 
outlines of the chemical pattern as revealed in the relationship between chloride 
and water and between these two substances and the hydrogen ion concentration, 
the protein, sodium and potassium contents. No relationship could be established 
between the chioride and water and the electrical conductivity [Crile et al., 
1922]. 

Material. 


The tissues examined were taken from human subjects at routine post 
mortem examinations, and, as it was found impossible to select a normal type of 
case, the average figures shown in Table IV (water content) and in Tables V 
and VI (chloride content) were obtained from duplicate estimations on a large 
series of consecutive cases—90 in the case of the organs; 80 in tle case of the 
brains. Many types are, therefore, included and no particular type predominated. 

Amongst the several disadvantages that render material obtained in this 
way far from ideal is the inability to gauge the amount of blood and fibrous 
tissue present in the mass of tissue taken, so that the figures obtained may not 
represent the amount of water or chloride in the actual cell of that tissue. On 
the other hand, it is equally difficult to obtain tissues in normal subjects free 
from these two substances. 

The estimations were at least made under comparable conditions, as all 
bodies were put in a refrigerator two hours after death and were examined 
within the next following 24 hours. Within this period the effect of autolysis on 
the chloride and water distribution in tissues taken in bulk is minimum. This 
was shown in the following experiments. 


1 Based on a thesis approved for the degree of Doctor of Medicine in the University of London. 
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A. An amputated human limb was left on a laboratory bench for 48 hours after removal. 
Apart from a covering of cloth to prevent loss of surface water, no other precautions were taken. 
Pieces of muscle, cartilage, fibrous tissue and bone were removed at intervals of 2 hours, 24 hours 
and 48 hours after operation and their chloride and water contents were estimated. (Methods 
described later.) Tables I and II show the results of the chloride and water estimations. 


Table I. Cl estimations. 


(As % of wet weight.) 
At At At 
Tissue 2 hours 24 hours 48 hours 


Tendo Achillis 0-24 0-25 0-24 
Articular cartilage 0-21 0-21 0-22 
Skin 0-21 0-22 0-22 
Voluntary muscle 0-15 0-15 0-15 
Bone (fibula) 0-09 0-08 0-09 


Table Il. Water estimations. 


(As %.) 


Tissue At2 hours At 48 hours 


Voluntary muscle 2-86 73°13 
Articular cartilage f 65-41 
Tendon iS! 63-44 


B. The chloride contents of the liver and kidneys of three healthy guinea-pigs were estimated 
immediately after death, and 24 hours after death. 


The results are shown in Table III. 
Table ITI. 


Immediately after 24 hours after 
death Cl % death Cl % 


Guinea-pig A. Liver 0-12 0-13 
Kidney 0-23 0-24 


Guinea-pig B. Liver 0-12 0-12 
Kidney 0-27 0-26 


Guinea-pig C. Liver 0-1] 0-11 
Kidney 0-18 0-17 


The results shown in Tables I, II and ITI, make it clear that there is little or 


no disturbance of the chloride and water contents or tissues taken from the 
body within 24 hours of death. 


The water content of tissues. 


In Table IV are shown the average water percentages and the standard 
deviation of a single observation in the organs and tissues investigated—the 
grey matter (Rolandic area), white matter (lateral portion of the corpus callo- 
sum), kidney, liver, thyroid, heart muscle and voluntary muscle (psoas). The 
average percentages of water in several other tissues, collected from the literature, 


are also shown. 

The water content was measured by heating about 20-30 g. of tissue (cut 
into small pieces) in an oven at a temperature of 105-110° until the weight from 
day to day became constant. 









CHLORIDE AND WATER IN TISSUES 


Table IV. Water content of tissues. 






Standard 



























deviation 
Number of Mean (of a single 
Tissue observations water % observation) Group 

C. S. fluid 99 (a) ~ Body 
Lymph (thoracic - 95 (b) fluids 

duct) 
Synovial fluid — 94 (c) - 

* Serum — 92 (bd) - 

Grey matter 2] 85 1-23 Nuclear 

(Rolandic area) tissues 
Lung — 84 (d) — 

Kidney 68 82-5 1-76 

Heart muscle 37 80-3 1-00 

Plain muscle — 80 (e) — 
Suprarenal — 80 (f) 
Spleen —_— 79 (g) 

Pancreas — 79 (g) 
Nerve — 78 (f) 

Liver 88 76-9 2-10 
Vol. muscle 37 76-8 2-21 
Thyroid gland 43 76-3 2-38 
Artic. cartilage -— 73 (f) — Anuclear 
White matter 21 71:3 1-94 tissues 
Costal cartilage — 68 (f) 
Tendo Achillis — 66-7 2-86 

Red blood cell — 66 (h) - 
Connective tissue — 62 (db) 

Bone — 30 (7) 
Adipose tissue -- 30 (f) —— 











(a) Levinson [1929]; (6) Cameron [1929]; (c) Cajori et al. [1926]; (d) Wells [1925]; (e) Evans 
1926]; (f) Charles [1884j; (g) Hil) [1906]; (2) Peters and Van Slyke [1931]; (7) Morse [1927]. 








The division of the body into three groups may be made on the average 
values of the water contents. 








In Group A, the body fluids, the water content ranges from 90 to 99 %. 
In Group B, the nuclear (or cellular) tissues, the water content ranges from 75 to 85 
In Group C, the anuclear tissues, the water content ranges from ? 10 to 73 %. 









As the nucleus plays the most important part in the oxidative processes of 
the cell [Warburg, 1924] the nuclear tissues (group B) are the most active 
metabolically. The anuclear tissues (group C) on the other hand, consist largely 
of matrix with relatively few nuclear cells and will have a lower metabolism. 
In fact, Warburg [quoted by Rous, 1925] was doubtful if respiration or glycolysis 
occurred at all in this latter group (C). 

The water content is thus greatest where metabolism is nil—in the body 
fluids, but in the two groups of tissues, the higher the rate of metabolism, the 
greater is the water content. This latter principle applies to living tissues in 
general, as is seen for example in the parallel decline of water content and active 
metabolism with the progress of age. 

The two groups B and C differ in many other characteristics as well. The 
anuclear tissues for example, are mainly supporting in function. The ability to 
“buffer” of the anuclear tissues has been shown to be almost non-existent 
[Rous and Beattie, 1926], while in the nuclear group where metabolism is most 
active, “buffering” is a prominent feature. There is also a marked difference 
in the type of proteins in each group. In the nuclear tissues nucleoproteins, 
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albumin and globulin are typical, but in the anuclear tissues, the protein con- 
sists mainly of collagen or elastin, both of which are closely related to gelatin. 
Other differences will become apparent later. 

As regards the individual tissues investigated, least variability in the water 
content appears to occur in the heart muscle and grey matter. It was in these 
same two tissues that Voit [cf. Starling, 1930], in a study of the effects of star- 
vation, also found the least disturbance of weight. 


The chloride in the tissues. 


The method of Van Slyke [1923] was used in estimating the chloride of the 
several organs and tissues of 108 post mortem subjects. 

In Table V are shown: 

(a) The number of cases examined. 

(6) The average chloride °% i.e. g. chloride per 100 g. of tissue (not dried). 

(c) The standard deviation of a single observation. 


Table V. Chloride °/, in various parts of the body (brain excepted). 


Standard 
deviation + 
Number of (of a single 
Tissue observations Mean Cl] % observation) 


Group A. Cerebrospinal fluid - 0-44 
Lymph - 0-41 
Serum 0-36 
Synovial fluid 0-34 

Group B. Lung 55 0-22 0-031 
Kidney 0-19 0-033 
Thyroid gland 0-18 0-032 
Suprarenal 5 0-17 0-046 
Spleen 5: 0-17 0-026 
Pancreas 0-17 0-035 
Nerve 0-17 
Plain muscle 0-16 = 
Liver 0-15 0-032 
Heart muscle 0-13 0-022 
Voluntary muscle 37 0-08 0-016 

Group C. Tendo Achillis 3% 0-22 0-026 
Connective tissue 0-20 - 
Articular cartilage 0-20 oo 
Red blood cell 0-19 7 
Bone j 0-11 0-019 
Costal cartilage j 0-13 0-016 


In the body fluids, the average chloride ° is much greater than in any of 


the tissues. 

In the nuclear tissues there is more chloride in the glands than in the muscles. 
The difference in the chloride contents of the three muscles is of interest as it 
corresponds roughly with the difference in rate of conducting the impulse. The 
highest chloride value (plain muscle) is associated with the slowest rate of 
conduction, the lowest chloride (voluntary muscle) with the highest rate, while 
heart muscle is intermediate in both respects. 

Although the least variable in their water contents, grey matter and heart 
muscle are not exceptional in regard to the variability of their chloride contents. 

In the individual estimations it was found that all the tissues of one case 
might have at the same time a higher or lower chloride ° than the average, 
but that the relative order of the chloride % was not always the same. In the 
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brain on the other hand, there were fluctuations between one brain and another, 
but the relative order of the chloride °%, of the several regions of any one particular 
brain almost invariably remained unchanged. The average chloride °/ of the 
various parts of the brain is shown in Table VI. 











Table VI. Chloride °/, in the brain. 


Standard 
deviation 












Number of (of a single 

tegion observations Mean Cl % observation) 
Grey matter. Frontal 52 0-21 0-036 
Lolandic 64. 0-20 0-036 
Temporal 51 0-20 0-032 
Occipital 51 0-18 0-031 
Cerebellar 67 0-16 0-035 
White matter. Central 50 0-18 0-038 
Lateral 57 0-14 0-024 
Mixed. Caudate N. 61 0-19 0-032 
Medulla 82 0-15 0-030 
Thalamus 51 0-15 0-030 








78 0-14 0-026 





Pons 









It may be shown that (with the exception of the difference between the mean 
of the frontal and of the temporal or Rolandic regions) the differences in the 
means in each of the three groups in the above table, are significant ones, 7.e. 
the chloride ° is greater in the frontal area than in the occipital; is greater in 
the central part of the corpus callosum than in the lateral; is greater in the 
medulla than in the pons, etc. 









A. The relationship of chloride and water to the cH of tissues. 






Rous [1925], has made interesting qualitative observations by injecting 
certain dyes into the peritoneal cavity and then dissecting the tissues under 
oil after the animal had been killed. He was able to note the reaction of each 
tissue by the colcur. In this way, though no measurements were possible, he 
was able to arrange the tissues in the relative order of their degree of alkalinity, 
and this arrangement is shown in the first column of Table VII, beginning with 












Table VII. 


Tissues arranged by Tissues arranged in the order of 









Rous [1925] in order of their Cl contents, as given in 
their py, (alk. to acid) Table V (high to low) 
Bass C. 8S. fluid 

Plasma Serum 

Connective tissue Connective tissue 

Tendon Tendon 

Bone - 

Articular cartilage Articular cartilage 





Red blood corpuscle 
Grey matter (Rolandic) 
Thyroid gland 





Epidermis 










Kidney Kidney 

- Pancreas 
Spleen Spleen 

_ Plain muscle 
Liver Liver 
Gall bladder White matter 
Heart muscle Heart muscle 
Voluntary muscle Voluntary muscle 





Pancreas (See No. 10 this column) 
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the most alkaline. For comparison, the tissues, in descending order of their 
chloride values, have been placed in the second column. 

It is apparent, therefore, that the body fluids which have already been 
shown to contain most chloride are also the most alkaline, and the nuclear 
tissues with the least chloride are the most acid of the three groups. Rous’s 
findings, however, become more interesting when the individual tissues are 
considered. Here the resemblance between the two columns of Table VII is 
either a remarkable coincidence only, or suggests that the chloride varies 
inversely with the cH of the tissues. (The one exception is the pancreas, an organ 


notoriously subject to post mortem changes.) 

In the four fluids or tissues where various independent observations of the 
Py Values are in good agreement, this inverse ratio probably exists in actual 
fact—as will be seen in Table VIII where the p,, , cH and the cCl values of these 


Table VIII. 
cH cH xcCl 


C. 8. fluid 0-35 x 10 1-54 x 1077 
Serum 0-4 Lo7* 3-4 1-56 x 10-7 
Red blood cell 2: 0-56 x 10 . 1-62 

a: 


Voluntary muscle ef 0-13 x 10 


62 x 10-7 
56 x 107-7 


four tissues or fluids are given. In the last column it will also be seen that the 
product of the cH and cCl of each is approximately a constant with a value of 
about 1-6 10-7, or 

cH, 

cH, 


(cCl = concentration of chloride in g. per 1000 g. of cell water). 

The abeve equation of course, expresses the relationship which would be 
expected to hold if equilibrium was reached between a living cell and its sur- 
rounding fluid, but it is pointed out later that, except in the case of the red 
blood cell and serum, there are reasons why it is improbable that such equili- 
brium does exist. 


Table IX. 
Protein ° Na 2 . Ratio Na/K 


Group A. 
0-02 
5-0 


‘ 


Group B. 


0-20 
0-07 


O04 
0-10 
0-06 


Group C. 


3-4 34 
2-9 32 ? Nil 


2-0 8-6 


% and K % as given by Gerard [1912]. 
sin °% from references to Table IV. 
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B. Relationship of water content to cH of a tissue. 


From a comparison of Tables IV and VII, it will be seen that in the con- 
stitution of the nuclear tissues and body fluids, decrease of water content is 
associated with increase of acidity, while in the constitution of the anuclear 
tissues, decrease of water content with increasing alkalinity appears to be the 
rule. 







Relationship of chloride to the protein content. 





‘Since most of the “solids” of a tissue is protein, the more protein there is in 
a tissue, the less water it can have. The chloride : protein relationship will thus 
become the reverse of the chloride : water relationship. 

In the body fluids and nuclear tissue group, the chloride should vary in- 
directly with the protein. When the concentration of protein is calculated from 
the protein °, and allowance is made for the source of these published figures, 
this statement is found to be more or less correct. (cProtein = concentration of 
protein ; i.e. g. of protein per 1000 g. of cell water.) 










cCl x eProtein (Approx.) 






Serum 3-9 x 78=300 
Kidney 2-2 x 163 =360 
Plain muscle 2-0 x 200 = 400 
Voluntary muscle 1-2 x 250=300 





In the anuclear tissue group, however, the greater the amount of protein in 
a tissue, the greater will be the chloride content—directly proportional in the 
case of at least the red blood corpuscle and fibrous tissue. 

The comparatively high chloride of the red blood cell may serve a useful 
purpose, as Green [1932] has shown that the more chloride there is present, the 
greater will be the solubility of haemoglobin. 










Relationship of Na and K contents to the chloride content. 
(See Table IX.) 


It is now well established that Na is the principal base of the body fluids 
and also of the anuclear tissues, the red blood cell excepted, while in the cells 
of the nuclear tissues K predominates. Na and chloride thus show a preference 
for the same group of tissues, the ratio Na/K being high in the more alkaline 
groups with high chloride values, and low in the more acid cellular tissues of 
low chloride content and high metabolism. 










Selectivity of disease in relation to the above chemical findings. 





Roberts [1905] showed many years ago that the deposition of urates in gout 
took place at those sites where Na was present in greatest amounts. In view of 
what was said in the preceding paragraphs, it may perhaps be the high degree 
of alkalinity of these tissues which is really the determining factor. 

That the nature of the reaction may be an important factor in determining 
the liability of a tissue to be attacked is suggested also in the arterial disease 
called by Gull and Sutton, “‘arterio-capillary fibrosis”’; and later by Evans [1920] 
“diffuse hyperplastic sclerosis” (of the arterioles). 

According to both Evans [1920] and Fishberg [1925] the incidence of arterio- 
capillary fibrosis occurs in the various organs in the following order of decreasing 
frequency—kidney, spleen, pancreas, suprarenal and brain. The intestines and 
liver are affected only occasionally and Jores [1913] states that he has never 
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found changes of this nature in the vessels of the lungs, heart and skeletal 
muscle. Arranged in the form of a table, these organs are: 


Most affected—Kidney 
Spleen 
Pancreas 
Suprarenal 

Least affected—Intestines 
Liver 

Never affected—Lungs 
Heart muscle 
Voluntary muscle. 


The order of these organs very nearly corresponds with the order of the 
organs shown in Table VII; that is to say, the more alkaline organs with their 
higher chloride contents are more prone to changes in their blood vessels than 
the more acid organs with their corresponding low chloride values, or vice 
versa. In the serum of patients with high blood pressures, a similar tendency is 
found—high normal alkali reserve and chloride percentage [Muntwyler ef al., 
1931]. 

Relationships of the body fluids to the tissues. 


Tables IV and V reveal the marked difference between the levels of water 
and chloride inside and outside the cell, even though both substances can pene- 
trate the cell membrane. 

The Donnan equilibrium is believed to determine the distribution of diffusible 
ions between plasma and red blood corpuscle [Van Slyke, 1926] and between 
plasma and ascitic fluid [Loeb e¢ al., 1921-22], but not between the tissue cell 
and its body fluid. Hill [1932] has pointed out how impossible it would be, for 
example, to imagine equilibrium existing at the same time between the stomach 
cell (or kidney tubule cell) and the fluid on either side. He suggested that by 
liberation of energy, the cells are able to maintain themselves in what he calls 
“the steady state” of disequilibrium with their surrounding medium (or media) 
and that this ability to produce differences of concentration across their boun- 
daries is a general property of living matter. 

As pointed out above, it is not possible to say that the water and chloride 
figures obtained from a tissue considered in bulk will be the same as for the cell 
of that tissue, but it may be a significant fact in relation to the conception 
of the steady state of disequilibrium that the difference in concentration of 
chloride between tissue and body fluid is greatest in the nuclear tissues (group B), 
where the liberation of energy (as measured by the oxygen consumption) is 


greatest. 
SUMMARY. 


Post mortem material taken from the human body within 24 hours of death 
may be used for the estimation of at least the chloride and water in the 
tissues. 

The relationships of chloride and water reveal a pattern in the chemical 
constitution of the body. 

The nature of the relationships is not always the same in the three groups 
in the body—the body fluids, the nuclear tissues, and the anuclear tissues. 

The chief characteristics of each group are summarised in Table X. 
















CHLORIDE AND WATER IN TISSUES 










Table X. 





Number Meta- 







of bolic Re- 

Group cells rate action Water Cl Na K Na/K Protein 
Body fluids Nil Nil Alk. High High High Low High Low 
Nuclear tissues Many High Acid Mod. Low Low High Low Mod. 
Anuclear tissues Few Low Alk. Low High High Low High High 
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I am also indebted to the Medical Research Council for an assistance grant 
and to many friends for their help, particularly to Dr A. A. Osman, Prof. C. 8. 
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CXXVI.-THE NATURE OF THE BACTERICIDAL 
SUBSTANCE IN THE URINE OF PATIENTS 
RECEIVING A KETOGENIC DIET. 


By ALBERT THOMAS FULLER. 


From the Bernhard Baron Memorial Research Laboratories, 
Queen Charlotte's Hospital, London, W. 6. 


(Received May 10th, 1933.) 


HELMHOLZ AND CLARK [1931] were the first to apply a ketogenic diet to the 
treatment of pyelitis. Providing a sufficiently intense ketosis can be obtained, 
the bacteria and pus often disappear from the urine within a few days, even in 
chronic cases. At first it was thought possible that the increased acidity alone 
caused the sterilisation. It soon became evident, however, that there was another 
factor, for Helmholz and Clark succeeded in producing sterile urines at py 5-5 
by means of the ketogenic diet in cases where the use of acidifying salts yielding 
a urine of p,, 5-0 had been without effect. 

This was also shown by experiments on the bactericidal properties of the 
urines in vitro at 37°. Helmholz [1932] demonstrated that acidity alone, or in 
combination with 0-5 °%, of acetoacetic acid, was not responsible for the bacteri- 
cidal effect of ketonic urine, and concluded that some other bactericidal substance 
was present. Dick [1933] obtained similar results, showing that while normal 
urine at py 5-5 allowed a free outgrowth of B. coli, ketonic urines at this reaction 
were bacteriostatic, that is, they prevented an increase in the numbers of 
bacteria without necessarily killing them completely. 

Thus, while it was evident that a change occurs in the urine making it 
bacteriostatic, and occasionally bactericidal, the nature of the substance 
responsible was unknown. The work described in this communication is an 
attempt to isolate and identify this bactericidal agent. 

During the past 9 months the diet has been given to patients suffering from 
pyelitis and cystitis at the Isolation Block of Queen Charlotte’s Hospital. 
Routine examinations of the py, acetoacetic acid content and B. coli-inhibiting 
power of the urine were carried out at frequent intervals on the patients under 
treatment. 

Bacteriostatic test. 
ostatic test was performed by implanting a measured volume of a B. coli culture 
tered urine. A 10 mm.* sample was explanted into nutrient agar immediately after 
mixing, and again after 5 hours and after 20 hours at 37°. The growth ratios at 5 hours and at 
20 hours were determined by dividing the number of colonies obtained from these latter samples 


by that obtained from the first sample. 


Determination of acetoacetic acid. 


. test-tube, l ec. of urine, 0-8 g. of ammonium sulphate, 0-05 ec. of 5% sodium 


lution and 0-15 cc. of ammonia (sp-gr. 0-880) are placed. The tube is well shaken 
1 water-bath at 20° for 7 minutes. If a deep purple colour is obtained, the contents 


washed into a 10 x 2 in. tube with water and quickly diluted until the colour 
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matches the standard solution contained in a similar tube. If a 3 in. diameter measuring cylinder 
is available, this may be used, otherwise the volume is found by emptying into a measuring 





cylinder. 
The standard solution is 







8 ec. of 0-01 % methyl] violet in alcohol; 
2 ec. of 0-01 % basic fuchsin in alcohol; 





2 ec. of 0-01 % chrysoidin in alcohol; 





mixed and diluted to 40 ce. with alcohol. 
-(If only a pale pink tint develops, the tube should be compared directly with the second 





standard.) 
This preliminary test gives fairly reliable results, but since it is empirical, the result may be 






confirmed as follows. 

The volume to which the test sample has been diluted is noted. 1 ce. of urine is diluted to 
this volume, and a further Rothera test performed on the diluted urine, using the same conditions 
as before. This time the tube is compared with a tube of the same bore containing a dye standard 






which accurately matches the colour produced by 0-02 % acetone under the conditions of the 
test. The use of this standard obviates the necessity for preparing a fresh standard for each test. 





It is composed as follows: 





1-84 cc. of 0-01 % methyl violet in alcohol; 
0-48 cc. of 0-01 % basic fuchsin in alcohol; 







2-14 ec. of 0-01 % chrysoidin in alcohol; 









mixed and diluted to 20 cc. with alcohol. 
If the colour is stronger or weaker than the standard, it is necessary to repeat the test on urine 





diluted to a greater or smaller extent respectively until the colour is matched. When the final 





dilution figure has been obtained, the concentration of acetoacetic acid in the urine is obtained by 





multiplying this figure by 0-004 %. The amount of total acetone plus acetoacetic acid is given by 


multiplying by 0-0045 %. The reason for this is as follows. Acetoacetic acid is five times as sensitive 






as acetone to the test, and so the 0-02 °%% acetone standard is equivalent to 0-004 °% acetoacetic 





acid. The figure for acetone plus acetoacetic acid is based on the assumption that in fresh ketonic 
urine 90 % consists of acetoacetic acid and 10% of acetone. B-Hydroxybutyric acid is not esti- 






mated by this method. 
The colour standards are stable for several months if stored in the dark. If a number of urines 





are being tested at the same time, they should be put on test at 1-minute intervals, to allow 
sufficient time for the dilution of the colour before the next sample becomes due. 
A large number of urines were tested both by this method and by the standard method in 







which interfering substances are removed, the acetone bodies distilied as acetone and estimated 





iodimetrically. The agreement between the two methods was good. 





It soon became evident that in those cases in which a rapid cure was obtained, 
the urine had a pronounced bacteriostatic action in vitro, and contained a high 
concentration of acetoacetic acid. Normal urines allow a quick outgrowth 
of implanted B. coli, the growth ratio at 5 hours varying from 20 to 100. The 
growth ratios obtained with ketonic urines varied very greatly, but in general, 
urines containing up to 0-05 % of acetoacetic acid gave results very similar to 
those obtained with normal urine. Those containing up to 0-1 °% often had a 
bacteriostatic action for 5 hours but allowed outgrowth at 20 hours, while those 
with up to 0-2 % frequently were bacteriostatic for 20 hours. Only very oc- 
‘asionally was complete killing of the bacteria obtained in 20 hours at 37 














Fractionation of active urines. 

A mixture of urines which were known to be actively bacteriostatic or which 
contained a high concentration of acetoacetic acid was fractionated in an 
endeavour to isolate the growth-inhibiting agent. The coli-inhibiting power of 
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each fraction was tested after removing interfering chemicals, by adding a small 
amount, representing a known volume of urine, to a filtered normal urine at 
Py 5:5, and implanting with B. coli. The normal urine was used to supply the 
necessary nutrient material. In this way, the distribution of the active substance 
in the fractions was determined. 

(1) A batch of 5 litres of urine was concentrated in vacuo below 50° to one- 
tenth of its volume. No detectable loss of activity occurred during concentration. 

(2) Excess oxalic acid was then added, the mixture left in the refrigerator 
overnight and the urea oxalate filtered off. Barium hydroxide was added to 
the filtrate to remove oxalic acid, the mixture filtered and the filtrate neutralised 
with sulphuric acid and evaporated to low bulk in vacuo. No significant loss of 
activity occurred from the removal of the urea as oxalate. 

(3) 20 % sulphuric acid was then added to the main bulk until it was acid 
to Congo red, and 5 volumes of acetone were added. After a few hours, the floccu- 
lent precipitate consisting of inorganic salts, lipoids and protein derivatives 
was filtered off. The acetone filtrate was neutralised with barium hydroxide 
and the acetone removed in vacuo without filtering. 

The acetone precipitate contained no activity while the acetone-soluble 
fraction was bacteriostatic to the same degree as the original urine. 

(4) The acetone-soluble fraction was again acidified with sulphuric acid to 
Congo red and 25 % phosphotungstic acid in 5 % sulphuric acid added till no 
further precipitation occurred. The precipitated phosphotungstates were filtered 
off and regenerated by grinding with water and barium hydroxide until alkaline 
to phenolphthalein, filtering and removing barium with sulphuric acid. 

The filtrate from the phosphotungstates was treated with baryta until 
alkaline, filtered and the barium removed as sulphate. A part of each fraction 
was diluted to a volume equivalent to half the original volume (i.e. at twice the 
original concentration) and tested. The fraction precipitated by phosphotungstic 


acid was inactive, whereas the soluble fraction gave growth ratios of 0-7 at 
5 hours and 1-0 at 20 hours. 

(5) The extract at this stage consisted largely of organic acids. It gave no 
precipitate with mercuric sulphate or lead acetate. Lead acetate and ammonia 
pre duced a precipitate, but the soluble lead salt contained the activ ity. Similarly 
silver sulphate and also silver sulphate and baryta gave inactive precipitates, 
leaving the activity concentrated in the soluble fraction. 

The lead salt fractionation was carried out on the main bulk. 

The fraction from the soluble phosphotungstates was warmed on the water- 
bath with lead carbonate and then with lead hydroxide until neutral. Barium 
hydroxide was added until no more precipitation took place, and the precipitated 
lead salts were filtered off. Both the precipitate and the soluble fraction were 
freed from Jead with hydrogen sulphide and barium with sulphuric acid, neutra- 
lised and tested at twice the original concentration. The growth ratios given 
below show that while the precipitated lead salts (largely lead lactate) had a 
slight activity, the greater part of the bacteriostatic substance was contained in 
the soluble fraction. 


Growth Growth 
ratio ratio 
5 hours 20 hours 
Insoluble lead salts 1-3 
Soluble lead salts 0-5 0-5 


This fraction now consisted very largely of 8-hydroxybutyric acid, and the 
remaining fractionations consisted of separating this substance from impurities. 
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(6) B-Hydroxybutyric acid can be extracted by ethyl acetate from saturated 
ammonium sulphate solution. The solution was now saturated with ammonium 
sulphate, acidified to Congo red with sulphuric acid and extracted six times with 
ethyl acetate. The ethyl acetate extracts were washed with a small quantity of 
ammonium sulphate solution, and then with water, dried with sodium sulphate 
and the solvent removed in vacuo. A syrupy liquid was left. Both this and the 
ammonium sulphate fraction were tested in normal urine at twice the original 
concentration and gave the following growth ratios: 


Growth Growth 
ratio ratio 
5 hours 20 hours 
Extracted by ethyl acetate 0-5 0-3 
Not extracted by ethyl acetate 4-4 o0 


Nearly all the activity had passed into the ethyl acetate. At this stage a large 
part of the material was lost by breakage and it was not possible to determine 
the equivalent of the fractions in terms of volume of original urine. 

(7) Nearly all the salts of B-hydroxybutyric acid are very soluble in water. 
The zine calcium salt is one of the least soluble [Shaffer and Marriott, 1913]. 
This salt was prepared by dividing the gummy acids into two equal portions, 
neutralising one with lime and the other with zinc carbonate, and mixing. 
In equivalent concentrations, the acid from the zine calcium salt was much 
more active than that from the filtrate. 

(8) The methyl ester [Fischer, 1909] is a characteristic derivative of B- 
hydroxybutyric acid. A small amount of the acid was esterified by dissolving 
in methyl alcohol, passing in hydrochloric acid gas and working up as described 
by Fischer. The ester boiled at 72°/17 mm. Fischer’s ester boiled at 67-68°/13 mm. 
Another preparation yielded 0-98 g., boiling at 69°/14 mm. This was quantita- 
tively saponified with cold W/2 KOH. Two determinations gave results of 
116 and 120 for the equivalent weight (calculated for methyl hydroxybutyrate 
118). The activity of the acid recovered from the ester by hydrolysis in 2 % 
solution in normal urine was as follows. 

Growth ratio at 5 hours, 0-9; at 20 hours, 0-1. 

(9) A new batch of urine was worked up to replace that lost. It contained 
0-08 % of acetoacetic acid, and 0-2 % of B-hydroxybutyric acid by Van Slyke’s 
method of estimation. The urine was not sufficiently ketonic to be bacteriostatic, 
giving growth ratios of 25 at 5 hours, and 00 at 20 hours. 

Eight litres were concentrated to low bulk, treated with lead carbonate and 
ammonia, filtered, the filtrate neutralised with sulphuric acid and evaporated 
to low bulk in vacuo. It was then saturated with ammonium sulphate, extracted 
with ethyl acetate and the solvent removed. The residue was tested at 3-10 
times its concentration in the original urine, with the following results: 


Growth Growth 
ratio ratio 
5 hours 20 hours 
3 times concentration 1-9 oo 
5 times concentration 0-9 oc 
10 times concentration 0-7 30 


16 g. of gum were obtained from the 8 litres of urine. It appeared to be about 
70 % pure from titration and optical activity measurements, so that the 5- 
and 10-fold concentrations were equivalent to 0-75 and 1-5 % of $-hydroxy- 
butyric acid. 
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The zine calcium salt of this crude acid was prepared and fractionally 
crystallised from aqueous alcohol. The first crop crystallising out was recry- 
stallised three times, and other crops were worked up to an equivalent degree. 
The soluble fraction was concentrated and a further crop removed, the soluble 
fraction decomposed and the free acids isolated. 4-1 g. were obtained. This 
possessed no bacteriostatic action in normal urine at 0-5 % and 1 % concentration. 








Growth Growth 























ratio ratio 
% 5hours 20 hours 
] 35 o 
0-5 44 x 


The purified zine calcium salt of 8-hydroxybutyric acid was converted into 
sodium salt. It was dissolved in water, zinc removed by passing in hydrogen 
sulphide, and after removing the excess sulphide, neutralised to phenolphthalein 
with NaOH. Sodium oxalate was then added to precipitate all the calcium. 
After removal of calcium oxalate, the filtrate was evaporated to dryness in vacuo, | 
and 5-1 g. of sodium salt were obtained. This was recrystallised from a small 
quantity of alcohol. ! 
The bacteriostatic powers of several concentrations of the purified sodium 
salt in normal urine at py, 5-5 are tabulated below. The percentages are for free 
acid and not for sodium salt. 
Growth Growth 


ratio ratio 
~~ 5 hours 20 hours | 
0-5 0-6 L 
1-0 0-7 0-6 
2-0 0-7 0-5 
2-0 0-4 0 
The figures agree with those obtained for the acid derived from the methy] 
ester by hydrolysis. 
The optical rotation of the sodium salt was [x], —13-8°. This determination 
was possible through the kindness of Dr Dudley of the National Institute of 
Medical Research. The figures quoted in the literature for the optical rotation of 
sodium f-hydroxybutyrate are [%]) —13-8° and —14-5°. 


The purity of the sodium salt was also checked by preparing the silver salt, 
and determining the percentage of silver. 

0-2489 g. of silver salt yielded 0-1278 g. of silver. This gives a value of 103-9 
for the equivalent weight of the acid, the theoretical value being 104-0. 

The quinine salt was sparingly soluble in water, and melted at 125°, which 








agrees with the published figure. 

For purposes of comparison, the optically inactive acid was prepared ac- 
cording to the method of Wislicenus [1868] by the reduction of acetoacetic ester 
with sodium amalgam. The acid was isolated as sodium salt, the bacteriostatic 








properties of which are tabulated below. The percentages refer to free acid. 









Growth Growth 
ratio ratio 
5 hours 20 hours 



















0-5 0-3 
1-0 0-9 ZL 
9.() 0-9 (0-4 

















The acid was converted into zine calcium salt, which was crystallised twice, 
and reconverted into the free acid. The methyl ester prepared from this distilled 
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at 67-68°/13 mm. and when hydrolysed showed an equivalent weight of 117. 
The recovered acid was still bacteriostatic, giving the following growth ratios: 


Growth Growth 
ratio ratio 
% 5 hours 20 hours 
1-0 2-7 20 
2-0 1-0 1-1 


Thus both /-8-hydroxybutyric acid isolated from ketonic urine, and the 
dl-acid prepared synthetically have an inhibitory effect on the growth of B. coli, 
and indeed of many other organisms. 

At the beginning of this investigation, it was not suspected that S-hydroxy- 
butyric acid was the active agent, and no determinations of the amount of this 
substance in the ketonic urines were made. Since then, estimations of the 
B-hydroxybutyric acid content (by the method of Van Slyke) and of the bacterio- 
static power of a few ketonic urines have been made. The results show that the 
growth ratios are of the same order as would be expected from the S-hydroxy- 
butyric acid content. 


B-hydroxy- Acetoacetic Growth ratios 
butyric acid acid content ; 
Urine content % % 5 hours 20 hours 

A 0-6 0-08 0-6 0 

B 0-7 0-10 1-7 

C 1-0 0-12 1-3 oo 

D 1-1 0-12 0-5 18 

Ee 1+] 0-14 0-6 25 


Since f-hydroxybutyric acid is the active agent it is obviously more rational 
to assay the urine for this acid rather than for acetoacetic acid. The estimation 
of B-hydroxybutyric acid is, however, a very lengthy process compared with the 
colorimetric method for acetoacetic acid, and since the concentrations of both 
these acids increase with the intensity of the ketosis, the acetoacetic acid content 
is a good guide to the progress of the treatment. 

The above table illustrates that the bacteriostatic power increases with 
increasing acetoacetic acid concentration. 

The effect of acidity on the bactericidal power of ketonic urine is of practical 
interest. The activity of urine containing f-hydroxybutyric acid at different 
reactions is shown in the following table: 


Concentration Growth ratios 
of B-hydroxy- — A - 
butyric acid % Pu 5 hours 20 hours 
0-5 5-0 0-1 0 
0-5 5-0 0-8 0-3 
0-5 5:5 0-6 x 
2-0 ad 0-4 0 
2-0 5:5 0-7 0-5 
2-() 6°5 0-8 L 
2.) 7-4 20 0 


The inhibitory power increases considerably as the reaction becomes more 
acid. The results support to some extent the observation of Helmholz [1932], 
that ketonic urines are inactive at reactions more alkaline than p,, 5-6. Thus, 
while 2 % of B-hydroxybutyric acid is actually bactericidal at p,, 5-5, it exerts 
no appreciable inhibition of growth of B. coli at py 7-4. 
The practical point which emerges is that acidifying salts should be given at 
the same time as the ketogenic diet, since the greater acidity helps moderate 
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concentrations to become effective. It is also evident that the presence of 

acetone bodies cannot give to blood at p,, 7-4 an effective bactericidal power. 
The bacteriostatic power of other organic acids was determined, and it was 

found that they too inhibited the growth of B. coli in normal urine at py 5-5. 


Growth ratios 


are, ~asant — 


5 hours 20 hours 


2 % acetic acid 0-9 0-4 
2 %, n-butyric acid 1-3 0-2 
2 % lactic acid 4-3 x 
2 % acetoacetic acid 1-3 x 
1 % acetoacetic acid 2°3 

0-5 °% acetoacetic acid 8-5 x 
2 °, acetone 0-8 oC 


Acetoacetic acid and acetone are much weaker in their action than f- 
hydroxybutyric acid, and since they are present in ketonic urine to a much 
smaller extent than the latter acid, the »y contribute only a small portion of the 
total activity. 


SUMMARY. 


The principal factor inhibiting the growth of bacteria in the urine from 
patients receiving the ketogenic diet is /-8-hydroxybutyric acid. 

The activity of this substance increases in proportion to the acidity of the 
urine. 


I wish to express my sincere thanks to Dr Leonard Colebrook, Director of 
the Laboratories, for much valuable help. My acknowledgments are also due to 
Mr W. R. Maxted, and to Mr V. H. Bowers for technical assistance. 
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CXXVII. THE TOXICITY TO TROUT OF 
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(Received May 18th, 1933.) 


THE estuary of the River Tees receives sewage and industrial effluents of various 
kinds. As a result it contains substances directly poisonous to fish and is only 
partially saturated with dissolved oxygen. It has been found [1932] that the 
death of migratory Salmonidae which occurs every year is mainly due to the 
presence of cyanide, and that samples of the estuary water are rendered innocuous 
when the cyanide is removed from them. It is of interest therefore to know 
whether the toxicity of cyanide in solution increases with a decrease in the 
quantity of dissolved oxygen. Although in rivers flowing through industrial 
areas direct poisons are frequently found in waters of low oxygen content, no 
reference to the joint effect of these factors on the toxicity of the water has been 
found in the literature. 
EXPERIMENTAL, 


A supply of deoxygenated water was obtained by a method similar to that 
described by Shelford [1918]. Water was boiled for some hours in open vessels, 
and cooled in completely full, airtight, galvanised iron cans. When cold, carbon 
dioxide was bubbled through the water until the p, fell to approximately 7-0. 
By this method water containing a concentration of oxvgen equivalent to about 
5 % of the saturation value could be obtained. For experimental purposes this 
water was brought to the required oxygen concentration either by aeration or 
by mixing with tap-water. It was found by a series of experiments that the 
toxicities of cyanide solutions made up with boiled and re-aerated water and 
with tap-water were the same. Solutions containing 0-62 g. p-cresol or potassium 
cyanide equivalent to 0-011 g. CN per 100 litres were made up with water 
containing different concentrations of dissolved oxygen, and the toxicities to 
rainbow trout (Salmo irideus Gibb.) were determined. The experiments with low 
concentrations of oxygen were carried out in stoppered carboys containing 
about 20 litres of solution, but at higher oxygen concentrations open pots 
containing 30 litres were employed. In the former case one or two fish were 
used for each experiment, and in the latter usually five. The oxygen concentration 
did not vary appreciably during the period of any experiment. When exposed to 
lethal solutions of a poison a rainbow trout eventually loses its equilibrium and 
turns over helplessly on its back. In these experiments, the interval between 
first exposure to the solution and final overturning time has been taken as a 
measure of toxicity: the toxicity, following the practice of other workers, has 
been expressed as 100/7', where 7’ is the overturning time in minutes. 
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Fig. 2. The toxicity to rainbow trout of p-cresol in solutions 
of different dissolved oxygen concentrations. 
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RESULTS. 


The relation between the toxicity of a cyanide solution and the oxygen 
concentration is shown in Fig. 1. For each 10 % rise in oxygen concentration, 
20 determinations of toxicity were made, and in each group the oxygen values 
and toxicities have been averaged to give a point on the graph. At low oxygen 
concentrations the toxicity of the cyanide solutions increased rapidly with 
decrease in oxygen concentration. 

The gener: ral shape of the curve showing the relation between the dissolved 
oxygen concentration and the toxicity of a solution of p-cresol (Fig. 2) is similar 
to that for potassium cyanide. The curve for p-cresol is based on 8 determinations 
of toxicity for each 10 % rise in oxygen concentration. In both graphs the 
scattering of the points may be attributed to the relatively large variability in 
the susceptibility of individual fish to poisons. 

Some preliminary observations have shown that at 4-5° rainbow trout are 
apparently unharmed after exposure for 68 hours to water containing dissolved 
oxygen to the extent of only 25 % of the saturation value. In another experiment 
[Southgate, 1933] trout remained in a he -althy condition for 5 weeks at 14-5 to 17° 
in water in which the oxygen content varie xd from 37 to 58 % of saturation. In 
none of the solutions used in the present investigation was the oxygen deficiency 
itself sufficiently great to cause the fish to overturn during the period of the 
experiments. It is clear that in polluted waters whilst the oxygen deficiency 
may not of itself be sufficient to cause the death of fish, it will greatly increase 
the toxicity of directly poisonous substances which may be present. 


The investigation described in this paper was carried out as part of the 
programme of the Water Pollution Research Board of the Department of 
Scientific and Industrial Research, and the results are published by permission 
of the Department. 
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QUEBRACHITOL (/-methylinositol) was first isolated by Tanret [1887] from 
quebracho bark. The latex of rubber trees contains about 2 °%, and it was first 
obtained from this source by de Jong [1906], and has recently been prepared on 
a much larger scale by Rhodes and Wiltshire [1932]. The present study has 
been carried out at the instigation of the Rubber Research Association, to whom 
we are indebted for the supply of quebrachitol. No physiological experiments 
seem to have been carried out with quebrachitol, but the less soluble non- 
methylated /-inositol which is widespread in nature has been extensively studied, 
and the results fully reviewed by Needham [1926]. 

The quebrachitol which was supplied to us was an almost white crystalline 
powder. It dissolved readily in water in much the same way as glucose, but 
always left an amorphous brown residue, which looked a little like ferric hydr- 
oxide. This was filtered off before use. The chemical estimation of quebrachitol 
is difficult, and this was not undertaken in the blood, urine or intestinal residues, 
as this seemed unnecessary for the investigation in hand. 

To be a suitable sugar substitute for diabetics any material must satisfy 
three requirements. 

(1) It must have a pleasant sweet taste in relatively low concentration. If 
the substance has a high degree of solubility and will make a sweet syrup for 
cooking, so much the better. 

(2) It must not be metabolised as a sugar. 

(3) It must be free from harmful effects even in large doses. 

This last consideration is important, for the whole value of such a substitute 
is lost if it can only be taken in measured doses. The use of drugs to counteract 
any harmful effects is, of course, not to be considered. Quebrachitol has there- 
fore been tested on these three points. 

1. Vaste. Quebrachitol has a sweet taste. In the opinion of a number of 
independent persons it was not nearly so sweet as glucose, which itself was not 
so sweet as cane-sugar. Some stated that quebrachitol had a metallic taste. 
Two kinds of fruit were cooked with quebrachitol. 4 lb. blackberries (120 g.) 
were stewed with (a) 7 g. quebrachitol, (6) 28 g. quebrachitol, (c) 14 g. cane- 
sugar, and (d) with no additions. Five people tasted these independently. All 
agreed that the blackberries stewed with cane-sugar were the sweetest. Only 
one person could detect any sweetening effect from the 7 g. of quebrachitol. All 
but one thought that 28 g. of quebrachitol made the fruit pleasantly sweet and 
as palatable, or nearly so, as the cane-sugar. One person stated that the que- 
brachitol merely conferred an unpleasant metallic taste, and preferred to have 
no sweetening rather than quebrachitol. In the second place } Ib. (227 g.) of 
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stewing gooseberries were cooked with (a) 14 g. of quebrachitol, (b) 28 g. of 
quebrachitol, (c) 42 g. of quebrachitol, and (d) with no additions. The general 
opinion among the tasters was that 14 g. of quebrachitol was quite inadequate 
and that 28 g. or 42 g. were required to make the gooseberries palatable. The 
same person who had preferred blackberries with no additions to those with 
quebrachitol confirmed this opinion with the gooseberries. 

Quebrachitol, therefore, from these limited gustatory tests, appears to be a 
satisfactory sweetening agent for most palates, provided relatively large amounts 
are used. 

2. The effect of quebrachitol on sugar metabolism has been tested as follows: 

(a) The blood-sugar curves of one normal person and two mild diabetics 
have been studied after 50 g. quebrachitol had been taken by mouth and these 
compared with the blood-sugar curves after similar amounts of carbohydrate 
as glucose or bread. The test was made in all cases after an overnight fast. 

The results are collected in Table I and it will be seen that quebrachitol does 
not raise the reducing substances (Folin-Wu estimation) in the blood of a 
normal person. In the two diabetics small rises were observed but they were 

























Table I. 






Times and administration and 
blood-sugar values (°%) 








cee ee 
Name and A l 13 2 












classification Substance and dose 0 hour hour hours hours 

Mr D. (normal) 50 g. glucose 0-093 0-138 0-098 0-117 0-087 
50 g. quebrachitol 0-115 0-104 0-100 0-109 0-115 

Mr O. (mild diabetic) 45 g. glucose (as bread) 0-100 0-181 0-266 0-186 
50 g. quebrachitol 0-113 0136 0-142 0-148 0-152 

Mrs P. (mild diabetic) 50 g. glucose 0-146 0-222 0-278 0-263 0-217 
50 g. quebrachitol 0-125 0-127 0-140 0-148 0-146 










so slight in comparison with those after glucose that they were of doubtful 
significance. Small rises similar to this have been obtained after “‘sionon”’ 
(d-sorbitol). 

(b) Two diabetics on insulin voluntarily took an overdose in the morning, 
and when symptoms of hypoglycaemia began drank a solution of 20 g. of que- 
brachitol in water. In both cases the symptoms persisted for half an hour, after 
which 20 g. glucose by mouth rapidly removed the hypoglycaemia. The details 
of the blood-sugars are given in Table IT. It is evident that quebrachitol by 
mouth did not relieve hypoglycaemia. 











Table IT. 










Blood-sugar (%) 










At 4 hour after 
commencement taking que- 
of overdose brachitol: 15 mins. } hour 
before taking before taking after taking after taking 
Name quebrachitol glucose glucose glucose 
R. D. L. 0-052 0-050 0-072 0-107 
H. R. M. 0-066 0-067 0-091 








(c) A series of rats (Wistar strain, from the Glaxo laboratories, weight 150 to 
220 g.) were given glucose, quebrachitol or water by stomach tube, and killed 
Portions of liver were removed and 





3 hours later under urethane anaesthesia. 
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estimated for glycogen by a micro-Pfliiger method [Lawrence and McCance, 

1931]. The results (Table IIT) show that the liver contained no more glycogen 
after ineaea than it did after water, and that quebrachitol given by mouth 
had no glycogenetic action. The storage of glycogen after glucose served to show 
that the technique was satisfactory. 


Table ITI. 


Liver-glycogen (°%) 


3 hours after After 3 hours after 

quebrachitol tap-water glucose | 
0-122 0-196 1-150 
0-188 0-314 0-877 
0-231 0-086 0-456 
0-162 0-109 0-518 
0-075 0-126 1-020 | 
0-110 0-119 1-840 
0-OS0O 

Mean 0-130 0-160 0-980 


> 


2 rats received 2 g. of quebrachitol and 2 received 2 g. glucose; the remainder received 1-2 g. 
of glucose or quebrachitol. 


So far, therefore, as can be judged from these experiments, quebrachitol 
does not act as a sugar in metabolism. This is in keeping with the results obtained 
with inositol, for the latter has been shown (a) not to lead to glycogen deposition 
in the liver [v. Mehring, 1877 ; Mayer, 1907], (6) not to lead to lactic acid formation 
[Embden and Griesbach, 1914; Griesbach a Cina 1913; Oppenheimer, 
1912], (c) not to raise the R.q. [Anderson, 1916]. 
3. Harmful effects. Unfortunately these are very obvious. All three persons 
who took 50 g. of quebrachitol by mouth had fairly severe diarrhoea, passing 
2 to 5 very watery motions between 1 and 3 hours afterwards. Of the two 
persons who took 20 g. to test the offect on hypoglycaemia, one suffered merely 
from slight colic about 2 hours later, but the other had ve ry severe diarrhoea 
about an hour later, and recurrent colic for 30 hours. When | to 2 g. was adminis- 
tered to the rats during the glycogen experiments, the whole of the intestines, 
and particularly the small intestine, was observed to be distended with fluid 
and extremely hyperaemic. It is probable that little or none of the quebrachitol 
had been absorbed. Sections of the gut were cut from two of these rats, and also 
from two controls to which glucose had been given. Dr Creed has very kindly 
examined these sections and has reported that the intestines of the animals 
receiving quebrachitol were very hyperaemic, but that there was no evidence 
of shedding of the epithelium or infiltration with inflammatory cells. 
These effects are similar to those obtained with inositol. Anderson [1916], 
for example, found that only a small percentage of the amount administered by 
mouth could be recovered from the urine, whereas 50 °, appeared in the urine 
after injection. Both Anderson [1916] and Anderson and Bosworth [1916] noted 
diarrhoea after inositol, but Anderson and Bosworth stated that in man this 
passed off after a few days. Inositol has been shown by perfusion experiments to 
increase the force of the heart-beat and ultimately stop the heart in systole 
[ Brissemoret and Chevalier, 1908; Hewitt and Da Souza, 1920-21; Sachs, 1906]. 
No action on the heart has been reported when inositol has been take n by mouth 
and this has been our experience with quebrachitol. 
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SUMMARY. 


1. Quebrachitol, which chemically resembles inositol, has similar physio- 
logical effects. 

2. When taken by mouth it does not relieve hypoglycaemia, raise the blood- 
sugar or lead to the deposition of glycogen in the liver. 

3. It is not nearly so sweet to the taste as cane-sugar, and two or three times 
the amount is necessary to obtain the same effect on the palate. 

4. In such amounts it has produced either colic or diarrhoea. 

5. Its use as a sweetening agent is not to be recommended. 


The authors are indebted to the Rubber Research Institute of Malaya and 
the Research Association of British Rubber Manufacturers for suggesting this 
possible use of quebrachitol and for supplying the material required for the 
tests. 

Dr R. A. McCance has carried on this work during the tenure of a part-time 
grant from the Medical Research Council which he acknowledges with thanks. 


REFERENCES. 


Anderson (1916). J. Biol. Chem. 25, 391. 
and Bosworth (1916). J. Biol. Chem. 25, 399. 

Brissemoret and Chevalier (1908). Compt. Rend. Acad. Sci. 147, 217. 
Embden and Griesbach (1914). Z. physiol. Chem. 91, 284. 

Griesbach and Oppenheimer (1913). Biochem. Z. 55, 323. 

Hewitt and Da Souza (1920-21). J. Physiol. 54, Proc. exix. 

de Jong (1906). Rec. Trav. Chim. 25, 48. 

Lawrence and McCance (1931). Biochem. J. 25, 570. 

Mayer (1907). Biochem. Z. 2, 393. 

v. Mehring (1877). Pfliger’s Arch. 14, 274. 

Needham (1926). Ergeb. Physiol. 25, 1. 

Oppenheimer (1912). Biochem. Z. 45, 30. 

Rhodes and Wiltshire (1932). Rubber Research Inst. Malaya J. 3, 160. 
Sachs (1906). Pfliiger’s Arch. 115, 550. 

Tanret (1887). Compt. Rend. Acad. Sci. 109, 908. 








































CXXIX. THE BIOCHEMISTRY OF SILICIC ACID. 
I. MICRO-DETERMINATION OF SILICA. 


By EARL JUDSON KING ann HELEN STANTIAL. 


From the Department of Medical Research, Banting Institute, 
University of Toronto. 


(Received May 30th, 1933.) 


Or the several colorimetric methods which have been described for the esti- 
mation of small amounts of silica, probably that of Dienert and Wandenbulche 
[1923] has met with most favour. The principle of this method is the production 
of a yellow silicomolybdic acid complex; it was first studied by Schreiner [1903] 
and Lincoln and Barker [1904]. Winkler [1914] used a similar method for 
studying the silicic acid content of natural waters, but the procedure of Dienert 
and Wandenbulche, variously modified by Atkins [1923], King and Lucas [1928], 
King [1928], Steffens [1930], Thayer [1930], and Liebknecht e¢ al. [1931], has 
been most generally used during recent years. 

eduction of the yellow silicomolybdic acid complex to give a blue colour 
has been made the basis of other colorimetric methods proposed by Isaacs [1924] 
who used sodium sulphite at the temperature of boiling water to effect the 
reduction, by Oberhauser and Schormiiller [1929] who used stannous chloride, 
by Nemec, Lanic and Koppova [1931] who used sodium thiosulphate, by King 
[1930] and Pincussen and Roman [1931] who used quinol, and by Berg and 
Teitelbaum [1930] who used pyrrole as the reducing agent. 

Most of these methods have been developed with a view to determining the 
silica content of various natural waters. Rather large amounts of water (usually 
100 cc.) are used for the test solutions and the colour comparisons are made in 
Nessler or Hehner tubes. While yellow-coloured solutions are difficult to compare 
accurately in a Duboscq colorimeter, blue colours can be matched relatively 
easily and very much more accurately. An attempt has been made to develop 
a blue colour cnr which would be accurate in practice though simple in 
principle and in detail, and which could readily be applied to a variety of 
biological materials, particularly blood, urine and tissue. 


EXPERIMENTAL. 


Optimum acidity. The formation of the yellow silicomolybdic acid complex 

is best accomplished at a weak acidity corresponding to about 0-08 N (4 drops 
H,SO, (vol.) in 50 ce.), and a corresponding acidity has been found most 
favourable for the production of the blue colour in the presence of several 
reducing agents. Thus 2 cc. of N H,SO, in a total volume of 25 cc. gave the 
maximum intensity of blue colour when test solutions of sodium silicate and 
ammonium molybdate were treated with various reducing agents in the presence 
of varying amounts of acid. Half this amount of acid gave almost as much 
colour, but it was less permanent, tending to fade after the course of half an 
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hour. With more acid the blue colour took on a greenish tint and was not so 
intense. 

In Fig. 1 the results of several experiments are presented in which the 
relative blue colour production with different reducing agents was studied. 
1 : 2: 4-Aminonaphtholsulphonic acid was definitely superior to all other re- 
ducing agents tried, including several—stannous chloride, monomethyl-p-amino- 
phenol, benzidine, ete.—not shown in the figure. It has been shown by Fiske 
and Subbarow [1925] and by Vasarhelyi [1929] to have advantages over other 


‘reducing agents in the colorimetric estimation of phosphate and has now come 


into common use for this purpose. 


Relative intensity of colour 





0 | 2 3 4 5 
ce. V H,SO, in test 


Fig. 1. Relative intensity of colour in test solutions containing 0-1 mg. of SiO, as silicic acid, 
1 ce. 10 % ammonium molybdate and varying amounts of N H,SO, in a volume of 25 ce. 
with A, 1 cc. 20 % sodium sulphite, colour allowed to develop 30 mins. at room temperature; 
B, 1 ce. 20 °% sudium sulphite, heated 10 mins. at 100° and cooled before reading; C, 1 ce 
of 0-5 % quinol in 20° sodium sulphite, colour allowed to develop 30 mins. at room 
temperature; D, 0-5 cc. of 0-2 % 1:2:4-aminonaphtholsulphonic acid, colour allowed to 
develop 10 mins. at room temperature. 


Concentration of molybdate. The amount of ammonium molybdate first tried 
in the test, i.e. 1 ec. of 10 % in 25 cc., appeared to be the optimum for, the 
production of the blue colour. With half this amount of molybdate only about 
three-quarters as much colour developed. More than 2 cc. in the test caused 
the production of a slight “blank” colour and the proportionality of colour 
produced was not as good. Sodium molybdate appeared to have no advantage 
over ammonium molybdate. 

Amount of reducing agent. As in the case of molybdate, lowering the amount 
of reducing agent present lessened the colour production, and with more than 
l cc. of 0-2 % aminonaphtholsulphonic acid a “blank” colour was introduced 
and the proportionality of colour production was less good. 

‘** Blank” colour production with reagents. Different amounts of sulphuric 
acid were tried in tests containing 1 cc. of 10 % ammonium molybdate, 0-5 ce. 
of sulphonic acid and no added silica. There was only a slight blue coloration 
even after several hours when | or 2 cc. of N H,SO, were present; 3 cc. gave a 
little more, but 4 cc. or over soon brought up a considerable blue colour. After 
8 hours a test containing 6 cc. of acid had almost as much colour as one con- 
taining 0-1 mg. SiO,. It is necessary, therefore, to develop the colour at the 
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lower acidity of 2 cc. of N H,SO,, corresponding as it does with the maximum 
production of blue colour in the presence of silicic acid in short periods of time. 

Proportionality of colour production. When different amounts of a standard 
sodium silicate solution are treated with the reagents the depth of blue colour 
produced is not directly proportional to the concentration of silicate present. 
If the apparent concentrations calculated from the colours produced in a series 
of tests of different strength be plotted against the actual concentrations, how- 
ever, the result is a straight line, which, although it does not go through the 
origin, crosses the vertical axis only a slight distance above the zero point (see 
Fig. 2). The slope of this line is numerically thus not far from 1 and results 





apparent concentration (7) 


SiO,, 





v 


mg, 








0-025 0-075 0-125 175 0-225 


0-050 0-100 O-1 + 0-200 


mg. SiO,, actual concentration (2) 


Fig. 2. Colour production with different amounts of sodium silicate: x mg. SiO, (as a solution 
of Na,SiO,, 9H,O)+2 cc. 5° ammonium molybdate in V H,SO,+0-5 ce. aminonaphthol- 


o 
>~ 


sulphonic acid in 25 ec.; read after 10 mins. against a 0-1 mg. SiO, standard. The slope of the 
line, m, is 0-94 and the actual concentration 2 at any point can be calculated by means of 
the equation 


y=max +b, where y is the apparent and x the actual concentration. 
y =0-94x +0-0066 and x =1-06y — 0-007. 


calculated without the introduction of an equation to allow for the slope are 
approximately correct. In practice it is sufficient to use the standard most 
nearly approximating the test in colour. 

Interfering substances. Several substances might interfere with the reaction 
giving the silicomolybdic blue colour. Tungstate is unlikely to be present. 
Arsenate does not appear to give any colour within 10 minutes at the acidity 
used when present in amounts up to 2 mg., although a colour appears on longer 
standing; when this amount of arsenate is added to a 0-1 mg. SiO, standard it 
matches a similar standard without the added arsenate after 10 minutes, but 
after 20 minutes is definitely darker. However, as arsenate, like tungstate, is 
very rarely present in biological material, it has not been further considered. 
Iron, which interferes with the production of both the yellow and blue colours, 
will be referred to later. Phosphate gives a blue colour in the presence of 
molybdic acid and aminonaphtholsulphonic acid at almost all acidities. As 
phosphorus is an invariable constituent of all tissues its removal is necessary 
before the silica can be estimated. 
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Precipitation of phosphate. Of the several reagents which are used for pre- 
cipitating phosphate from solution probably magnesia mixture, calcium chloride 
and iron chloride, all used in the presence of ammonium hydroxide, are the 
most common. Ferric chloride was suggested by Atkins and Wilson [1926] to 
remove phosphate from silicate solutions, but it has been shown by Thayer 
[1930] that variable amounts of ferric silicate are precipitated along with the 
phosphate. Magnesia mixture has been successfully used by several workers, 
particularly with the yellow colour method, where it appears to give complete 
precipitation of the phosphate without removing any of the silicate. Its use 
with the blue colour method has not, however, been a complete success. The 
phosphate can be quantitatively removed, and the silicate appears to pass 
quantitatively into the filtrate, but the high concentration of ammonium 
hydroxide necessary to bring about complete precipitation of phosphate in the 
presence of magnesium seems to interfere with the production of the blue colour 
with aminonaphtholsulphonic acid. 

Calcium chloride was used in the carefully controlled experiments of Thayer 
[1930] and of Liebknecht, Gerb and Bauer [1931], and found to be satisfactory 
for the complete removal of phosphate without the simultaneous removal of 
any silicate. Its use has been adopted in the present method and with good 
results. The calcium does not appear to affect the colour production in any way, 
and the amount of ammonia necessary to bring about precipitation of calcium 
phosphate is not great, enough to interfere seriously with the development of 
the blue colour?. 

Removal of iron. The presence of iron may interfere with the colorimetric 
determination of silica in two ways. If the iron remains in the solution in which 
the blue colour is developed from the silicomolybdic acid complex, a greenish 
tint is produced and the colour can neither be matched against a simple silicate 
standard, nor is it proportional to the amount of silica present. It is necessary, 
therefore, to remove the iron previous to bringing up the colour. As has already 
been pointed out, if there be insufficient phosphate present, it is impossible to 
precipitate iron from solution in an alkaline medium without loss of some of 
the silica as ferric silicate. It is thus not practicable to remove the iron along 
with the phosphate by precipitation with ammonia and calcium chloride. 

Liebknecht e¢ al. [1931] accomplished the simultaneous precipitation of phos- 
phate and iron by heating the solution to which had been added calcium chloride 
and calcium carbonate, together with a slight excess of phosphate over that 
necessary to precipitate all the iron. With the present blue colour method, it 
was found that this procedure was not sufficient to remove all the phosphate. 
The yellow colour method which was used by Liebknecht is not sufficiently 
sensitive to phosphate to be interfered with by traces coming through in the 
filtrate. Unfortunately, such is not the case with the present method. After 
filtering off the iron precipitate, together with the calcium carbonate, however, 
the small amount of phosphate remaining can easily be removed by making the 
filtrate alkaline with ammonia and filtering off the calcium phosphate. 


1 For routine analyses it has been found expedient to neglect the slight depression of the blue 
colour due to the presence of ammonia in the test (as well as of chloride in the case of urine). 
In “recovery” experiments the interfering substance has been added to the standard in amount 
sufficient to equal its concentration in the test. While it is recognised that this is not in con- 
formity with the best practice, it seems justified until some other means is devised of eliminating 


the effect of interfering substances. 
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Reagents required. 


Solutions of a neutral or acid reaction are best preserved in 100 cc. or 250 cc. glass-stoppered 
bottles of Jena or other good glass of low solubility. Alkaline solutions must be preserved in wax. 

Silica standard. Sodium silicate (Na,SiO,, 9H,O) can be obtained in very pure condition on 
the market. The crystals are readily soluble in water and solutions made from them serve as a 
good standard for silica determinations. 47-3 mg. dissolved in 100 cc. of distilled water give a 
solution containing the equivalent of 0-1 mg. SiO, per cc. This solution must be standardised for 
its silica content, however, as the water content of the sodium silicate is not constant. Standardisa- 
tion can be accomplished by evaporating successive 5 cc. portions in a small platinum crucible 
until a total of 10 or 20 ce. has been used. By treating the residue with sulpburic acid and igniting, 
the sodium silicate is transformed into sodium sulphate and silica. The loss in weight after treat- 
ment with hydrofluoric and sulphuric acids is taken as the weight of silica. For this procedure 
a micro-balance is necessary and very pure reagents must be used [Morgan and King, 1932]. 

A more convenient method of standardisation is to compare the yellow colour developed on 
treatment with ammonium molybdate and sulphuric acid with that of the picric acid standard 
of King and Lucas [1928]!. Yellow colours are best matched in Hehner tubes. The comparison 
can conveniently be made with 2 cc. of the picric acid standard diluted to 100 cc. with water 
and equivalent to 0-1 mg. of SiO,. 1-0 cc. of the silica standard (or 10 ce. of the 1 in 10 dilution 
used for routine work) is treated with 4 cc. of 5 % molybdate in N H,SO, and water to 100 ce. 
If it is desired to make the comparison in a colorimeter a more intense colour is needed. 10 cc. 
of the silicate solution may then be treated with 1 cc. of the molybdate and water to 25 cc., and 
20 ce. of the picric acid standard diluted with water to 25 cc. to give a colour equivalent to 
1-0 mg. SiO,. 

Finally, a silicate solution of known strength can be made by fusing a weighed amount of 
pure silica with sodium carbonate in a platinum dish and dissolving the melt in a definite volume 
of water. 

A dilute standard for routine use may be prepared by dilution of the strong standard 1 in 10 
with water. This corresponds to a concentration of 0-01 mg. SiO, per ec. Both standards should 
be preserved from bacterial growth by saturation with chloroform (0-5 ec. of chloroform for each 
100 ec. of solution, shaken until dissolved). These standards will remain unaltered for months, 
if kept in a cool place in glass-stoppered bottles of resistant glass—Jena glassware has been found 
particularly suitable. It has been considered advisable, however, to prepare new standards at 
least once a month. 


Ammonium molybdate. If a few g. 


of the molybdate dissolved in water and treated with a 
little sulphuric acid show any yellow colour when viewed in a cylinder against a white back- 
ground, it should be discarded as containing silicic acid in quantity sufficient to give a considerable 
blank. Most brands tested have been silicate-free. The solution for use should be prepared by 
dissolving 5 g. of ammonium molybdate of the best quality in enough N sulphuric acid to give 
100 cc. The small amount of insoluble sediment should be removed by allowing the solution to 
stand until clear and by filtering through a silica-free paper (Whatman’s 32, 40 or 42). 2 cc. of 
this solution diluted to 25 ec. with water and 0-5 cc. of the reducing agent should give no blue 
colour in 1 hour. On longer standing a colour develops which may become very intense after a 
day or two. 

1 minonaphtholsulphonicacid. 0-5 g. of the 1:2:4-acid is dissolved in water with 30g. of 
sodium bisulphite and 6 g. of crystalline sodium sulphite and diluted to 250 cc. After standing 
overnight the solution is filtered clear. 

The reducing agent should be preserved in a brown glass bottle and kept in a cool place. 

N H.SO,. 28 cc. of concentrated sulphuric acid diluted to 1 litre with distilled water. 

Calcium chloride. 5g. of the pure anhydrous salt made to 100 cc. with distilled water and 
filtered if not perfectly clear. 

Ammonium hydroxide. All samples of concentrated ammonia coming to this laboratory have 


contained too much silicate in solution to be directly usable when diluted. It is necessary, there- 
1 25-6 mg. of pure vacuum-dried picric acid in 1 litre of water is of the same intensity of 
yellow colour as a solution of 50 mg. of silica per litre when treated with the reagents. 
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fore, to drive the ammonia gas over through a condenser into a well-cooled paraffined bottle of 
distilled water until the desired strength of N is reached. This can most readily be done by 
dropping strong sodium hydroxide into a flask containing the concentrated ammonia solution, 
‘or by gently heating the latter. If a tank of compressed ammonia is available, it may be bubbled 
directly into the distilled water. The ammonium hydroxide solution should always be kept in a 
paraffined or wax bottle. 

Sodium hydroxide. 2-3 g. of metallic sodium dissolved by dropping, in small pieces, into 
100 ce. of water in a nickel crucible give N NaOH. This solution must be kept in a wax bottle 
and glass pipettes brought into it only for the briefest possible time. 

Ammonium phosphate. 2 g. of ammonium dihydrogen phosphate dissolved in 100 cc. of water. 
The acid ammonium salt of phosphoric acid seldom gives any test for silica. 

All these solutions must be tested periodically to determine that they are silicate-free. 2 or 
more cc. (in the case of acid or alkali after neutralising to phenolphthalein) should be treated 
with water, 2 cc. of molybdate and 0-5 cc. of sulphonic acid to 25 cc. Only a very faint blue 
colour is allowable. 

Ferric chloride (for blood-analysis)—10 cc. of a stock solution of 10 % ferric chloride (FeCl,, 
6H,O) in 0-2 N HCl diluted to 100 cc. with water. 

Sodium acetate (for blood-analysis)—10 cc. of a stock 15 % solution of crystalline sodium acetate 
(NaC,H,0,, 3H,O) and 2-8 ce. of N NaOH made to 100 cc. with water. This amount of alkali 
insures that the protein-free filtrate will be of about py 6. 

Anhydrous sodium carbonate. Kalbaum’s “ pro analyse” Na,CO, is particularly suitable for fusing 
the ash of tissues in silica determinations, as it is free from silica, granular and easy to use. 

Activated charcoal. Kalbaum’s finely powdered “Carbo-Activ” is almost silica-free and is very 
effective in removing the yellow pigment from urine and the colour from other silicate-containing 
solutions. 

Distilled water prepared by means of a copper and tin still and kept in glass will generally 
remain silica-free. 

The method. 


All operations involving the use of alkaline solutions must be carried out 
in vessels of non-siliceous material, and since nearly all determinations of silica 
in biological material involve the removal of phosphate at an alkaline reaction, 
glass must be avoided. Where it is necessary to destroy organic material, 
platinum crucibles are almost essential; their resistance to the action of acids 
and alkali and to intense heat make them the most suitable vessels in which to 
varry out the preliminary manipulations. 

For routine analysis of urine it is obviously impossible, however, for most 
laboratories to possess sufficient platinum to do any large number of determina- 
tions at one time. Recourse has been had to painting glassware with a variety 
of coatings, by far the most suitable of which is an air-drying varnish of the 
synthetic formaldehyde-phenol resin bakelite!. This material will adhere firmly 
to glass surfaces and will not peel off on exposure to liquids if the glass surface 
is thoroughly clean and dry before the coat of bakelite is applied. After being 
allowed to dry in the air the bakelite is best baked for a few hours in an oven 
at about 100°. Test-tubes treated in this way and fitted with rubber stoppers 
are suitable for collecting samples of urine and blood. 

Even this material, however, is not completely satisfactory, as it tends to 
flake and scratch off glass beakers and funnels after it has been used for some 
time. Lately we have been fortunate in obtaining a quantity of funnels and 
2-oz. drinking tumblers?, crucible shaped, of a non-siliceous synthetic material 

1 Kindly supplied to us by Mr J. E. Buchan, of the Toronto branch of the Bakelite Company, 
Limited. 

2 These vessels sell under the name of “ Bonnyware” and are manufactured by the Reynolds 
Spring Company, Jackson, Michigan, U.S.A. 











































996 KE. J. KING AND H. STANTIAL 





stated to be a urea-formaldehyde resin. Used either uncoated or painted over 
with bakelite they have proved highly satisfactory. 

Jena and monax laboratory glassware have been found suitable for solutions 
and manipulations at neutral and acid reactions. 

Urine. It has been found that phosphate can be completely precipitated, 
the colour removed and the silica quantitatively recovered at a 1 in 5 dilution 
of urine with distilled water. 5 cc. of urine are treated with 15 cc. of water and 
neutralised by stirring in a little solid calcium carbonate. 2 cc. of 5 % calcium 
chloride and 3 cc. of N NH,OH are added, making a total of 25 cc. A small 
spoonful of charcoal (about 0-25 g.) is added, the mixture stirred with a bakelite 
stirring rod or iron wire and the vessel covered. After 1 hour precipitation of 
the phosphorus is usually complete. No. 32 Whatman or other silica-free papers 
are used for filtration. The filtrate is usually water clear and shows no test for 
phosphorus. A “blank” consisting of 20 cc. water, a little CaCO,, 2 ec. CaCl,, 
3 cc. NH,OH and a spoonful of charcoal is always set up at the same time as 
the urine specimens, and its silica value must be subtracted from those found 
for the samples of urine. 

15 ec. portions of the filtrates are measured into 25 cc. volumetric flasks, and 
a drop of phenolphthalein is added, followed immediately by V H,SO,, until the 
pink colour is discharged. Standards are prepared by measuring 2, 5 and 10 ce. 
portions of the dilute standard solution into 25 cc. flasks and adding water to 
about 15 cc. The ammonium molybdate in sulphuric acid (2 cc.) is now added 
to each flask and 0-5 ec. of the aminonaphtholsulphonic acid, the flasks being 
gently shaken after each addition. After diluting to the mark with distilled 
water, the flasks are inverted and the solutions mixed. The blue colours are 
allowed to develop for 5 minutes before reading against the nearest standard 
in a Duboseq colorimeter. 

Each filtrate must be tested for the presence of phosphate, which, if found 
in more than the faintest traces, will render the silica determination useless. 
1 cc. of filtrate is made acid in a small test-tube with 2 cc. of N H,SO, and 
4 drops of molybdate and 2 of aminonaphtholsulphonic acid are added. At 
this high acidity the silico-molybdic acid does not react and any blue colour 
will indicate the presence of phosphate. Occasionally urines are encountered 
in which the 2 cc. of CaCl, are insufficient to remove all the phosphate. This has 
been the case with the urine of some dogs which seemed to have a very high 
phosphorus content. 

Results are best expressed in mg. SiO, per 100 cc. of urine. The calculated 
mg. of SiO, in each test will, when the blank is deducted, represent the SiO, 
content of 3 cc. of urine, since each 5 cc. of filtrate represents 1 cc. of urine. 
This value multiplied by 100/3 will, then, give the silica content in mg. SiO, 
per 100 ce. 

Some results are shown in Table I. In each case samples of 5 cc. of urine 
were taken and to them a stated amount of silica, in the shape of a measured 
quantity of the silicate standard, was added to test the efficiency of recovery. 
The figures shown have been taken at random from a large series of determina- 
tions and illustrate the accuracy which may be expected with the method. 

The presence of albumin in the urine may sometimes cause trouble because 
of the protein precipitate produced when the molybdate is added to the 
neutralised filtrate. If this should occur, the determination can be saved by 
immediately centrifuging off the precipitate. Very little of the silico-molybdic 
acid is carried down with the precipitate, as is shown by the fact that almost 
as good recovery of added silicate can be made in the presence of protein as in 
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Table I. 


SiO, per SiO, added to SiO, 
100 ce. 5 ee. urine recovered 
Urine mg. mg. mg, 
Human 1-07 0-128 0-125 
0-93 0-123 
1-60 0-125 0-130 
1-80 0-120 
1-20 0-125 0-121 
1-26 
Rabbit 19-0 0-250 0-260 
19-5 0-260 
6-0 0-250 0-230 
55 0-235 
Dog 0-90 0-125 0-115 


its absence. That the “soluble silica”’ value represents the total silica content 
of the urine has been shown by the fact that the values have in all cases tested 
agreed with those obtained on ashed samples of the urine treated according to 
the method for tissues. 

Blood. Two procedures are used for the determination of silica in blood, 
depending on whether it is desired to estimate the total or soluble silicate. In 
practice it has been found that the two are almost always equal. This appears 
to indicate the absence of any insoluble particulate silica and of any organic 
compound of silicon in the blood, unless such a compound either reacts directly 
with the molybdate, which is unlikely, or is extremely susceptible to hydrolysis. 

Soluble silica may conveniently be determined on 2 cc. of oxalated whole 
blood, which is laked with 36 cc. of water in a 150 cc. conical flask. Blood is 
preferably run directly from a graduated syringe into the water without the 
use of a pipette. If it is not desired to do the determination immediately, the 
blood should be kept in a test-tube coated with bakelite. The same amount of 
anticoagulant (oxalate) should be used in the blank. 

The procedure for deproteinising blood is based on a modification of the 
Hoffman [1931] ferric acetate method by Dr H. R. D. Jacobs of Chicago. 
Various other methods of deproteinising had been tried with indifferent success. 


‘Tungstic acid and molybdic acid could not be used, because of interference with 


the reaction; the zinc, iron and copper hydroxide precipitates removed the 
greater part of any added silica, and recovery was poor with trichloroacetic acid. 
The basic ferric acetate method has the advantage that the protein is precipi- 
tated in an almost neutral (slightly acid) medium, at which reaction none of 
the silica is removed. It has the further advantage, moreover, of removing the 
phosphate, together with the protein and of giving a filtrate very low in ex- 
traneous salt material. Small amounts of sodium chloride and acetate remain, 
but the iron is completely removed. 

To the 2 cc. of blood laked with 36 cc. of water are added 1 cc. of the ferric 
chloride solution, 1 cc. of sodium acetate and about 50 mg. of charcoal (} tea- 
spoon). The flasks are heated directly over a Bunsen flame, with agitation, until 
the mixture has boiled for a few seconds. A dark brown coagulated mass of 
protein is formed which should be filtered hot through two pieces of folded 
No. 42 Whatman filter-paper. The filtrate is protein- and phosphate-free. 

After the filtrate has cooled to room temperature, 20 cc. (representing | cc. 
of blood) are measured into a 25 cc. volumetric flask. Standards of 5 and 2 ce. 
of dilute silicate are prepared and 2 cc. of molybdate and 0-5 cc. sulphonic acid 
added to each flask. The colours are matched after 10 minutes. 
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Of the many determinations on normal blood which have been made using 


this procedure, only a very few have shown more than a faint blue colour 


corresponding to that given by about 2 cc. of dilute standard. The results have 
agreed, however, with determinations of total silica on larger samples of blood 
both by colorimetric and gravimetric procedures, and when extra silicate has 
been added to the laked blood before deproteinising it has always been recovered 
in the filtrate. 
In Table II are the results of some representative experiments in which added 
) 


silica was recovered in the protein-free filtrate. In each case 2 cc. samples of 


blood were added to each of 4 flasks, 2 of which contained 36 cc. of water and 
the other 2 a measured amount of the dilute silicate standard with water to 36 cc. 


Table Il. Soluble silica in blood. 


SiO, in 20 ce. 


filtrate SiO, SiO, 
Blood (1 ee. blood) added recovered 
species mg. mg. mg. 
Rabbit 0-020 0-140 0-140 

0-015 0-140 0-145 
Dog 0-023 0-100 0-097 

0-022 0-100 0-104 
Human 0-015 0-070 0-076 


Total silica must, of course, be determined in an ashed specimen of blood. 
5 ec. of whole blood are measured into a platinum crucible and 0-5 g. of sodium 
carbonate added. After drying in an oven at 110° until the following day, the 
blood is carefully ashed in a muffle furnace or over a gas burner. (The deter- 
mination may be completed on the same day, but great care is necessary in 
heating the crucible to drive off the water as the blood tends to froth badly.) 
When the ashing is complete, or when only a small amount of carbonaceous 
material remains, the crucible is held in a Meker burner until fusion is complete. 
The cooled melt is warmed with distilled water on the water-bath until it is 
free from the crucible and appears to be dissolved. Iron remains undissolved 
as a flaky brown precipitate. N H,SO, is added to the mixture until a small 
drop from a fine wire gives a red colour on a piece of methyl orange paper 
used as outside indicator. Warming on the water-bath is continued until all the 
carbon dioxide appears to be driven off. A small spoonful of calcium carbonate 
is then added, together with 1 cc. of ammonium phosphate and 4 cc. of calcium 
chloride solutions. After warming on the water-bath for 10 minutes precipita- 
tion of the iron as FePt Ds will be complete. 

The cooled mixture is rinsed into a 30 cc. graduated cylinder or flask, brought 
to the mark with distilled water and mixed. 25 ce. of filtrate are measured into 
a bakelite-coated dish, or into the platinum crucible, and 2-75 cc. of ammonia 
added. After 1 hour the precipitated calcium phosphate is filtered off and 20 ce. 


Table III. Total silica in blood. 


SiO, in 100 ec. SiO, SiO, 

Blood blood added recovered 
species mg. mg. mg. 
Rabbit 0-75 0-140 0-129 
1-26 0-140 0-140 





0-90 0-140 





Human 0-118 
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of filtrate taken for the determination. The silica value for 20 cc. of filtrate 
represents the silica content of 3.cc. of blood. Some results for total silica 
obtained by the ashing method are contained in Table III. It will be seen that 
they are in substantial agreement with those obtained by the deproteinising 
method. 

Tissues. Before a determination is made on a sample of tissue it is necessary 
to destroy the organic material by ashing either in the wet or in the dry way. 
About 1 g. of fresh tissue or 0-25 g. of pulverised dried tissue (at 105° until of 

-constant weight) is weighed accurately into a platinum crucible. For wet ashing 
nitric acid with the addition of ammonium nitrate is the most satisfactory 
reagent. 5 cc. of concentrated nitric acid are added to the crucible, and the 
mixture is heated gently on a hot plate until frothing has ceased. A small amount 
of ammonium nitrate is added, the mixture taken carefully to dryness and the 
crucible held in a flame until red. If the organic matter is not completely burned 
off, the treatment with a little nitric acid and ammonium nitrate should be 
repeated. 

Where an electric muffle furnace is available, the tissue is more conveniently 
ashed by heating at a dull red heat until destruction of organic matter is com- 
plete or until only a small amount of carbonaceous material remains. If the 
amount of tissue to be ashed is small (less than 200 mg.) it may be heated 
directly with sodium carbonate in a flame. Destruction of the organic material 
takes place quickly and evenly in the melting mass. 

The silica in the ash remaining after either the wet or dry treatment may 
be determined in one of two ways. The first consists in rendering the silica 
insoluble by boiling the ash in the crucible with 2 cc. of perchloric acid for 
15 minutes. As all the other constituents of the ash are rendered soluble by 
this treatment they may be filtered off, leaving the silica behind. Filtration is 
best carried out by means of a “‘filter-stick!.”’, Water is added to the cooled 
crucible after boiling with perchloric acid and the soluble salts sucked away 
through the filter-paper plug. The residue of silica is washed with water and 
the washings sucked off. The plug of paper with adhering silica is dropped into 
the crucible by pushing the inner tube down through the outer, and the filter- 
stick is washed clean by means of the wash-bottle. After evaporating to dryness, 
the contents of the crucible are ignited and the silica determined either by 
weighing before and after treatment with hydrofluoric acid [Morgan and King, 
1932] or by colorimetric estimation of its solution after fusion with 0-25 g. 
sodium carbonate. This procedure may also be used for blood. 

The second method consists in rendering the silica soluble by fusing the ash 
with 0-25 g. sodium carbonate and taking up in warm water, or by warming 
with 2 cc. N NaOH and a little water. The solution is neutralised to methyl] 
orange on the hot water-bath with N H,SO, and warmed until no more carbon 
dioxide is evolved. While the solution is still hot 0-5 ec. of ammonium phosphate, 
50 mg. (approx.) of calcium carbonate and 4 cc. of calcium chloride are added. 
After 10 minutes the mixture is cooled and transferred from the crucible to a 
cylinder or flask and diluted to 30 ce. After filtering through a No. 32 Whatman 
paper, 25 ce. are transferred to a crucible or bakelited vessel and 2-5 cc. of 
N NH,OH are added to complete the precipitation of phosphate. This usually 
takes about | hour. 

1 This consists of two concentric glass tubes, the inner one being a sliding fit in the outer and 
having a fine bore. The joint between the tubes is covered with a rubber sleeve. The inner tube 
is tapered at one end for attachment to a suction pump and its other end is pushed almost to 
the orifice of the outer tube, leaving a small space which is filled with a filter-paper plug. 
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For the colorimetric determination an aliquot portion of filtrate (e.g. 20 cc.) 
is measured into a 25 cc. flask and neutralised to phenolphthalein. Standards 
are prepared corresponding to 0-02, 0-05 and 0-1 mg. of SiO,, and 2 cc. of 
molybdate and 0-5 cc. of sulphonic acid are added to each flask. Water is added 
to the mark, the flasks inverted and shaken and the colours matched after 
5 minutes. The blank resulting from the reagents used in this determination 
will usually be too small to measure and may be neglected. 

On the basis of the amount found in the aliquot portion of filtrate taken 
for the determination, the silica content of the sample of tissue is calculated. 
Results are best expressed in mg. per 100 g. of tissue. In this way the figures 
are kept in line with the method of recording results for blood and urine. 

tepresentative results for determinations on several tissues with comparative 


figures for the different procedures and recovery of added silica are given in 


Table IV. 


Tissue 


Lung: 


Ox 
Calf 


Rabbit 


Rabbit exposed 
to SiO, dust 


Silicotic 
Liver: 
,abbit 
Rabbit 
Rabbit 
Rabbit 
Kidney: 
Rabbit 
Rabbit 
Dog 
Doe 
Lung: 


2abbit expose ] 
to SiO. dust 


Colorimetric method 
Ash treated with 


Gravimetric 
method 
of tissue 


Na,CO. NaOH 
mg. SiO, per 100 g. 
ea wn 
87-2 
81-2 
iS 4-2 
4-4 
18-4 14-2 
856 856 
S60 
7115 
20-8 
12-4 
13-0 
30-6 30-6 
14-4 
16-4 
16-4 
50-0 17-6 


Residue after HClO, 


treatment 
S95 


785 


SUMMARY. 


gravimetric procedures. 


es 


$29 
810 
7310 


7682 


18-2 
sep 4 


SQ 


7¢ 
790 


we 


Table IV. Silica content of tissues by colorimetric and 


Si0, 
added 
mg. 


0-360 
0-360 
0-360 
0-350 


0-120 
0-125 


0-117 


0-125 


SiO, 
recovered 
mg. 


0-357 


0-339 





1. Several procedures for determining silica in biological material have been 


considered. 


2. A colorimetric method which makes use of the blue colour produced 
4-aminonaphtholsulphonic acid is 


described. 


> 


when silicomolybdic acid is reduced by 1:2: 


3. The potentially colour-producing phosphate is removed by precipitation 
with calcium chloride and ammonia and the silicate recovered in the filtrate. 
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4, Tron is removed as ferric phosphate in the presence of calcium carbonate 
on the acid side of neutrality. 

5. Blood is deproteinised by the basic ferric acetate method, the silica re- 
maining in solution. 

6. The procedure has been adapted to urine, blood and a variety of other 
tissues, and figures have been presented to demonstrate the degree of accuracy 
which may be expected. 
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THE presence of silica in animal and vegetable tissues has attracted interest for 
a considerable time. As early as 1857 Witting recorded 0-5 % of SiO, in the 
ash of a sample of human blood. Schulz [1901] made the first thorough investi- 
gation of the presence of silica in biological materials, and Gonnerman [1917; 
1918] extended the analyses and collected the results of much previous work. 
Vegetable matter was shown to contain silica in amounts varying from 1-2 % 
of the ash for yeast up to 68 % for wheat straw and 80 % for horse-tail 
(Equisetum arvense). Feathers of grain-feeding birds had a higher silica content 
than did those of flesh- and fish-eaters. The hair of men and of animals invariably 
showed the presence of silica, even in the case of the new-born, but there appeared 
to be no definite relation between the silica content and either the species of 
animal or colour of the hair. Of the many samples of animal and human tissue, 
organs and fluids examined, all contained silica, though in very different and 
variable amounts. This earlier work has recently been summarised by Kiihn 
[1926], in whose monograph are collected the results of a large number of 
investigators. 

In the present investigation analyses of several tissues for their content of 
silica have been made following the colorimetric method previously described 
[King and Stantial, 1933]. The results have been checked repeatedly by gravi- 
metric controls, and are believed substantially to represent the actual silica 
contents of the different samples. In most cases the figures are in accord with 
those of previous workers, but some discrepancies have been noted and are 
discussed in connection with the individual tissues. 

Urine. In general it may be said that the carnivorous and omnivorous 
animals have a much lower urinary excretion of silicic acid than do the herbivora. 
This point is well illustrated in Table I. 

Herbivora, and particularly those feeding on whole grains (including the 
hulls), straw and hay, ingest large amounts of silicon. While it is improbable 
that a very large percentage of this silicon is absorbed, a considerable amount 
must pass into the blood-stream to give the high concentration which is found 
in the urine. The values for herbivorous urine show very marked variations, 
but this is to be expected because of the very marked differences in the silica 
contents of different vegetable foods. 

That the silica content of the urine may be influenced by the diet is also 
well shown in Table II. A group of four rabbits, which had been kept on whole 
oats and carrots and which showed high urinary silica values, was placed for 
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Table I. Silica content of urine. 
mg. SiO, 


mg. SiO, per per 
100 ce. 100 ce. 
Normal human: No. 

Average of 10 morning samples 1-2 Cat 1 0-5 
(high 2-1) Pa 2 0-3 

(low 0-8) oi 3 0-5 

Average of 17 afternoon samples 1-0 ” 4 OS 

(high 2-2) ” os 

(low 0-7) % 6 0-4 

Silicotic human: Rabbit 1 11-1 
W. L. C. (gold miner 6 years) 1-4 99 2 27-2 
J. L. (gold miner 7 years) 6-6 ah 3 22-7 
J. L. (gold miner 7 years) 1-9 99 4 21-3 
(1 week later) 39 5 7-2 

J. D. (gold miner 14 years) 1-0 ‘ 6 14-0 
J. M. (gold miner 9 years) 0-6 ” 7 15-6 
No. Guinea-pig 1 14-0 

me 0-9 9 2 22-4 

29 2 1-3 = 3 28-6 

3 1-8 e 4 16-6 

4 0-7 ? 5 14-6 

29 5 1-3 7. 6 8-2 

’ 6 27 Sheep 1 17-2 

Rat (lab. diet) 3-0 9 2 12-8 

2 BT - 3 11-9 


Table II. Effect of diet on silica content of rabbit urine. 








Rabbit No. ... es ees 232 233 234 235 
; ; mg. SiO, per 100 cc. urine 

Diet Days on diet ae aes eee. Gee are 
Oats + carrots 20 8-5 12-8 10-3 34-3 
White bread 7 3°6 2-5 2-1 4-0 
10 4-4 3°9 5-6 4-6 
15 0-9 2-8 1-4 2-2 
17 0-7 2-5 2-9 2-9 
22 4-1 2-6 — 3-1 
26 _- 2-7 0-9 3-6 
32 5-5 2-2 1-5 0-7 
Oats + wheat straw 1 15-1 2 25-7 19-3 
4 27-0 24-5 12-0 24-7 


a month on a diet of white bread supplemented with a little canned tomato. 
The amount of silica excreted dropped almost immediately and remained at a 
lower level during the course of the white bread feeding. On placing the rabbits 
again on a diet of whole oats, carrots and wheat straw, the amounts of silica in 
the urines returned to much higher levels. This agrees with the observation of 
Riessner and Kindt [1928] in human beings. 

Blood. The silica content of the blood of individuals in this country appears 
to be very different from that reported by several German investigators. Kraut 
[1931] and Bohme and Kraut [1932] have recently reported an average of about 
15 mg. of SiO, per 100 ce. of blood for normal men and women. Miners with 
and without silicosis had considerably more. Reckoned on an ash basis, Kraut’s 
figures agree closely with that originally recorded by Witting [1857]. If these 
figures, obtained by satisfactory methods, are correct, and if our own results 
also substantially represent the silica content of the bloods analysed, then it 
appears that only about one-tenth the amount of silica found by Kraut circulates 
in the blood of normal human beings in this country. 
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Only a limited number of blood samples from cases of silicosis have been 
examined. These were sanitorium patients, former gold mine workers, who 
showed a history of silicosis, but who had been some time removed from their 
work. The average figure found was 0-9 mg. SiO, per 100 cc. of whole blood, 
with high and low values of 1-8 and 0-6 respectively. 

[t is apparent, however, that despite the low level of blood-silica, considerable 
amounts are passing through the body by way of the blood-stream to the kidneys 
at all times. Normal human beings on refined diets excrete 15 or 20 mg., and an 
herbivorous animal of approximately the same size would appear to be putting 
out 10 to 20 times this amount daily in the urine. 

Foetal tissue. All the tissues and biological fluids so far examined have con- 
tained at least traces of silicon. The almost universal distribution of silicates, 
be it in sea-water or in the blood of mammals, makes it probable that if silicon 
is not an essential ingredient it is at least a likely contaminant of the developing 
egg. All the marine forms examined have contained silica, and added sodium 
silicate has been found greatly to enhance the growth of cultures of phyto- 
plankton [King and Davidson, 1933]. Both the white and the yolk of the eggs 
of birds appear to contain small amounts of silicon, and several embryonic 
mammals have contained appreciable quantities, both in the whole foetus and 
in the individual organs. Table III contains the results for several such deter- 
minations. 


Table III. Silica content of foetal tissue. 


mg. SiO, per 100 g. 


Tissue dry tissue 

Mouse (whole foetus) (1) 10-7 

(2) 10-5 
Calf A: lung 4-4, 4-8 
Calf B,: kidney 8-2, 9-4 
liver 4-4, 6-4 

muscle 36-8 
Calf B,: lung 3°8, 4-2 
kidney 9-6, 7-8 
liver 10-0, 8-8 

spleen 11-2 

muscle 24-2 
Calf B,: lang 8-0, 10-4 
Human: lung 9-8, 8-4 
liver 3-8, 5-6 

kidney 13-3 

spleen 20-3 

heart 90-4 

brain 22-0 


Adult tissues. The two paths of entry for silica into the body are the lungs 
and the digestive tract. The greater part of that entering by the latter route is 
doubtless eliminated in the faeces. A considerable amount probably passes into 
the blood-stream, however, and it appears that this is excreted in the urine 
without much retention by any of the organs of the body. The liver, spleen and 
kidneys of animals, even those ingesting large amounts of silicates in their food, 
contain only relatively small amounts of silica, and whatever silicate enters the 
blood by way of the intestine appears to pass quickly into the urine. 

In the case of silica entering by the lung—and a considerable amount must 
enter as finely particulate dust even in the case of most individuals who are 
seldom exposed to a dusty atmosphere—there is no ready means of exit once 
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the particles have lodged in the parenchyma. Certainly the majority of particles 
breathed in are wafted up by the cilia of the bronchial passages and are either 
swallowed or expectorated, but the smallest particles probably lodge in the lung 
spaces and are then only capable of being eliminated by phagocytosis or through 
dissolution by the mildly alkaline body fluid which is constantly bathing them. 
Some particles which are ingested by cells which have passed into the air space 
are probably expectorated with their enveloping cell. Other particles may be in- 
gested and drawn into the lung parenchyma, and the migration of the phagocytes 
may carry them appreciable distances in the lymph channels; some particles 
may even lodge in the bone-marrow [Chapman, 1933]. How much silica may 
be carried away by dissolution is entirely a matter of speculation, but it is 
certain that silica particles in the lung tend to become hydrated and invisible 
to the polarising microscope, and weak sodium bicarbonate solutions tend to 
dissolve surprising amounts of silicate from colloidal hydrated silica. 

As is to be expected, lung tissue varies very markedly in its silica content, 
from what would be a normal value for any other tissue of the body up to values 


Table IV. Silica content of tissues. 


mg. SiO, mg. SiO, 
per 100 ¢. pel 100 g. 
Tissue dry tissue Tissue dry tissue 
Human: Rabbit: No. 

Lung* (normal adult) 140 Lung 430 148, 161 
(pneumonia) 93 369 235, 229 
(silicotic 3640 (young) 378 18-4, 14-2 

1700 (animal exposed 
880 to SiO, dust) 651 6755, 7115 
1630 5 693 895, 785 
~ 810 oe 687 1002 
Liver* (stone grinder) 196 Liver 687 12-4 
Spleen* 648 30-6 

(normal) 15-1 378 21-4 
(septicaemi2z 5 30) 16-0 651 20-8, 14-3 
(bronchopneumonia © 75) 13-0 360 20-0 
(rheumatic heart 2 46) 14-2 Kidney 373 16-4 
(bronchopneumonia ° 36) 23-0 380 22-2, 17-8 
(pulmonary embolism ° 67) 30-0 647 14-4 
(carcinoma ¢ 25) 45 (animal exposed 

(silicosis, fibrosis of spleen 3) 345 to SiO, dust) 651 50-0, 47-6 

(silicosis, stone grinder) 436 Lymph glands 80 
Mesenteric lymph gland* Spleen 657 16-0 
(stone grinder) LOSO (animals exposed 
Bone-marrow 26-0 to SiO, dust) 360 22-5 
(lumbar vertebra) 25-2 ‘ 369 76-0 
Hair (grey) 16-5 
Ox: (white) 15-6 
Lung 103, 109 i ; 
104, 120 Guinea-pig: a 
87-2, 81-2 Lungs oe 
Liver 21-6, 18-0 Hair 19-4 
12-0, 15-0 : 20-7 
Dog: Chicken feathers 15-1 
Lung 115 12-9 
270 
Kidneys 28-7 
31-8 


* These analyses were performed on petrol- and ether-extracted tissues obtained from the 
wax blocks in which they had been imbedded after fixation for microscopic section and do not 
represent the silica content of the tissue as a whole. We are indebted to the Department of 
Pathology for this material. 
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which show about 50 % of the mineral material present to be SiO,. The lungs 
of gold miners, sand blasters, quarrymen, efc., invariably contain extraordinary, 
though variable, amounts of silica. The presence of these large amounts in par- 
ticulate form in the lungs appears to lead to the development of the fibrotic 
nodules typical of silicosis, which gradually extend, as snowflake-like flecks on 
the X-ray plate, from the mid-line to the periphery as the disease progresses. 
It is probable that the amount of effective alveolar tissue in some of these men 
is very greatly reduced. They become, moreover, very susceptible to tuber- 
culosis, of which many of them die. 

A considerable variety of animal material has been analysed with a view to 
gaining an insight into the possible significance of the presence of silicon in the 
different tissues. The results, which are illustrated in Table IV, have appeared 
to indicate a disposal within the body of inhaled and ingested silica along the 
lines suggested above. No evidence has so far been obtained that silicon is an 
essential element of animal protoplasm, or that it is a limiting factor in growth, 
as may be the case in certain microscopic marine plants. Further work will be 
presented in another paper [King, Stantial and Dolan, 1933], to show that 
whether or not silicates are an essential in the animal economy, the body 
possesses a very efficient mechanism for their disposal. 


SUMMARY. 


Silica occurs in small but significant amounts in foetal tissue. 

A considerable excretion of silicate occurs through the kidneys. The silicate 
level of the urine of herbivora is much higher than that of carnivora. The 
amount of silica appearing in the urine is markedly influenced by diet. 

Circulating blood contains only very small amounts of silica. 

A variety of adult tissues shows marked differences in silica content, lung 
having the largest amount. 


REFERENCES. 


Bohme and Kraut (1932). Arbeitsphysiol. 5, 269. 

Chapman (1933). Amer. J. Med. Sci. 185, 171. 

Gonnerman (1917). Z. physiol. Chem. 99, 257. 
(1918). Biochem. Z. 88, 401. 

King and Davidson (1933). Biochem. J. 27, 1015. 
and Stantial (1933). Biochem. J. 27, 990. 

and Dolan (1933). Biochem. J. 27, 1607. 

Kraut (1931). Z. physiol. Chem. 199, 81. 

Kiihn (1926). Die Kiesselsiure. (Ferdinand Enke, Stuttgart.) 

Riessner and Kindt (1928). Z. physiol. Chem. 174, 40. 

Schulz (1901). Pfliiger’s Arch. 84, 67. 

Witting (1857). Arch. ¢ rp. Path. Pharm. 140, 155. 








CXXXI. THE BIOCHEMISTRY OF SILICIC ACID. 
Ill. THE EXCRETION OF ADMINISTERED SILICA. 


By EARL JUDSON KING, HELEN STANTIAL 
AND MARGERY DOLAN. 


From the Department of Medical Research, Banting Institute, 
University of Toronto. 


(Received May 30th, 1933.) 


It has already been shown [King, Stantial and Dolan, 1933] that the level of 
soluble silicates in the urine can be influenced by diet. On continuous injection 
by the intravenous route of dilute neutralised solutions of sodium silicate, a 
rapid elimination, continuous during the time of injection and lasting for some 
hours afterward, has always occurred. Introduction of a suspension of silica 
dust into the stomach has led to rather smaller increases in the urinary output 
of silica. Such increases have, however, been definitely significant and point 
either to a partial dissolution of the silica by the alkaline duodenal juice or 
possibly to actual passage through the intestinal wall of the finest of the 
particles. 

In the several experiments which have been performed, and in which the 
urinary excretion of silica has been markedly increased, no significant variations 
in the biood-silica, other than small temporary increases, have been observed. 
These facts appear to indicate a very low renal threshold for silicate. 


EXPERIMENTAL. 


The analytical procedure described by King and Stantial [1933] was followed 
throughout. Samples of blood and urine were collected in bakelite-coated 
vessels. 

Ingestion of particulate silica. Preliminary experiments with rabbits demon- 
strated that when small quantities of finely powdered quartz! were introduced 
into the stomach, a significant rise occurred in the level of silica in the urine. 
This was more marked in dogs where the normal amount of silica in the urine 
is much smaller and the relative rise therefore greater. When 1 g. of the 
pulverised quartz, suspended in 50 cc. of water, was given to a dog by stomach 
tube, the urinary excretion of silica promptly rose from 1 mg. (normal) to 
3-9 mg. per 100 cc. at 1 hour and remained high for several hours (4-7 mg. at 
8 hours), returning the next day to its original level. Larger amounts of silica 
dust placed in the stomach appeared to be absorbed to a considerable extent 
and to be promptly excreted in the urine (Table I). 


1 Kindly prepared for us by Prof. H. E. T. Haultain, of the Department of Mining Engineering 


of this University, by prolonged grinding of quartz crystals in a steel ball-mill. 
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Table I. Haxcretion of silica in the urine after administration by 
stomach tube of 5 g. powdered quartz. 


SiO, per 100 ce. urine SiO, per 100 ce. blood 
Hours mg. mg. 
0 9.7 0-8 
4 14-3 
7 14-7 0-7 
16 4-8 
24 3-3 O-7 


Ingestion of soluble silica. Owing to the alkalinity of solutions of sodium 


+a. . . . . ae i . . ; 
silicate it was found impossible to administer silica in this way, as the dogs 
: . ° . ‘ A * i 
invariably vomited the material. If the solution was neutralised to phenol- 
phthalein with dilute hydrochloric acid just prior to administration by stomach 
tube, however, it was found that the dogs tolerated it well. 
Deposits of gelatinous silicic acid tended to form in 5 % sodium silicate 
solutions when neutralised with hydrochloric acid, and it is probable that a 
large part of the silicate administered in this way was precipitated as silicic acid 
before it had been long in the stomach. The alkaline nature of the juices in the 
small intestine doubtless caused a partial re-solution of some of the silicic acid, 
but the amount remaining out of solution was probably a large proportion of 
the whole. Such portions as were absorbed—and they were considerable, al- 
though not necessarily constituting a large percentage of the total administered— 
appeared to be eliminated very quickly in the urine without any pronounced 
rise of the level of silica in the blood (Tables II and ITI). Analyses of the organs 
of the several dogs which were killed after the conclusion of the experiments 
failed, moreover, to demonstrate any increased concentration of silica in the 
tissues. 
Table II. Silica content of the wrine after administration of 
silicic ae id by stomach tube ‘ 
mg. SiO, per mg. SiO, per 
Hours 100 ce. urine Hours 100 ec. urine | 
Dog 480: 10 ce. 5 °% sodium silicate 
neutralised by hydrochioric acid log 390: 25 cc. 5 % sodium silicate 
0 1-7 0 2-0 | 
£1 175 | 
2 23-3 3 19-3 
3 14-9 5 56-7 
t 22-3 ( 43-5 
5 25-3 
6G 23.8 Dog 495: 25 ec. 5 °4 sodium silicate 
25 1-8 0 0-7 
2 19-2 
4 22-3 
6 11-9 
22 4-0 
29 2-8 





Dog 340: 25 ce. 5 % sodium silicate 
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Table III. Excretion of silica in the urine after ingestion of silicic acid. 


mg. SiO, per ce. of Total mg. SiO, mg. SiO, per 
Hours ec. urine urine in urine 100 ec. blood 


Dog 480: 100 mg. Sif do as silicic acid introduced into stomach. 








0 0-015 0-8 
3 0-480 13-5 
5 0-367 5-0 1-5 
7 0-357 11-0 
9 0-227 6-0 0-8 
13 0-112 6°5 
25 0-060 22-4 ; 
72 0-026 
Total 15-69 
Dog 390: 250 mg. SiO, as silicic acid introduced into stomach. 
0 0-014 - 0-5 
3 0-555 13-0 ; 1-0 
5 0-367 17-0 
? 0-357 17-0 0-8 
9 0-247 8-0 
13 0-132 5-0 
25 0-076 36-0 
72 0-038 = ie 
Total 24-97 


Intravenous injection of silicic acid. Several attempts were made to inject 
silicic acid in fairly concentrated solution into the ear-veins of rabbits. The 
solution of 5 % sodium silicate containing the equivalent of 10 mg. of silica 
per cc., neutralised with hydrochloric acid or by bubbling carbon dioxide into it 
immediately before using, was injected in quantities of 1 to 5 cc. In almost 
every case the rabbit died immediately or within a few minutes of the time of 
administration. The same experience was met with dogs, and it was thought 
probable that floccules of gelatinous silicic acid forming in the blood-stream 
caused the animals to die of embolism. 

Attention was turned, therefore, to the continuous intravenous injection of 
solutions containing not more than 1 mg. SiO, per cc. over a period of several 
hours. Fresh solutions were prepared before each experiment. 


For the continuous intravenous injections an ordinary hypodermic needle was attached by a 
fine rubber tube to the nozzle of the barrel of a syringe into which was fitted a rubber stopper 
carrying a finely pointed glass tube. Rubber tubing connected the glass tube to the tip of a 
graduated burette and a screw-clamp served to adjust the rate of flow of the solution from the 
burette. The number of drops falling into the syringe per unit time served as a rough but con- 
venient indication of the rate of flow of the solution. The bottle containing the silicate solution 
was attached by means of rubber and glass tubing through a two-hole rubber stopper (one hole 
being plugged with cotton-wool) to the top end of the burette. The solution was delivered into 
the burette when desired by means of a pinch-cock on the rubber tubing. Before each experiment 
the whole apparatus was heated in a steriliser and clamped in an upright position to an iron stand 
which could be placed on the operating table next to the animal. 

Female dogs whose urethra was exposed (for catheterisation) by previous operation were 
employed exclusively for the continuous intravenous injections. The animals were anaesthetised 
with 0-5 g. of sodium amytal dissolved in a little water. The needle was inserted in the vein of 
one of the fore-legs and the silicate solution allowed to flow at the desired rate by adjustment of 
the screw-clamp. A catheter was inserted, tied in place and closed by a pinch-cock, so that the 
contents of the bladder could be withdrawn at intervals. After about 6 hours the animals usually 
began to show symptoms of recovering from the anaesthesia; a further 0-5 g. of amytal injected 
into the rubber tube delivering the silicate solution sufficed to retain them under anaesthesia for 


a further 6 or 8 hours. 








1010 EK. J. KING, H. STANTIAL AND M. DOLAN 


In the several experiments conducted in this way quantities of silicic acid 
from 100 to 200 mg. were injected over periods of 5 or 6 hours. The response 
in urinary output of silica was prompt, rising from a small initial value to a 
high value within the first hour and reaching very high concentrations in the 
urine toward the end of the period of injection. 

During this time the level of silica in the blood was considerably raised, 
although only to a very minor extent when compared with the rise in the urine. 
The excretion of silica did not keep pace, however, with its introduction into 
the blood-stream, only half of the total amount administered being recovered 
in the urine. It is possible that some of the silica was eliminated by way of the 
faeces, being excreted in a similar way to calcium in the gut, although it is not 
unlikely that a fairly large proportion was retained in the body. Analysis of 
the spleen of one of the animals killed after the experiment showed a silica 
content considerably higher than normal. The presence of albumin in some of 
the samples of urine was noted in these experiments. 


Table IV. Continuous intravenous injection of silicic acid. 


mg. SiO, mg. SiO, per 


ec. of solution mg. SiO, per ec. of 2 
100 ce. blood 


Hours injected 100 cc. urine urine excreted 


Dog 481: neutralised sodium silicate solution; 1 mg. SiO, per ce. 


10 3 0-37 
14 -10 
20 “2: 
30 5 
30 


l 
1-22 
2-58 
) 
) 


2-74 


7. 
Ss 
“" 
5 
8 
“" 
“4 


Total SiO, in- 
jected 169 meg. 


Total 93-82 


Dog 390: neutralised sodium silicate solution; 0-5 mg. SiO, 
0-6 
50 26-2 4 “SO 
75 96-7 j 5°81 
13 169-2 
80 
95 : , 5-81 


50 55- 12 


50 ce saline 


t 
WW DM «1-1 


Total SiO in 


jected = 196 mg. 


—_——— 


Total 117-54 
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Two typical experiments using continuous intravenous injection of neu- 
tralised dilute sodium silicate solutions are illustrated in Table IV. The dogs 
were anaesthetised early in the morning and the catheter left in the bladder 
until late in the evening, a second administration of anaesthetic being given in 
the afternoon. The dogs were left in metabolism cages overnight and the urine 
caught in a metal container. Samples of blood were analysed by both the ashing 
and deproteinising methods, very little difference being found in the results by 
the two procedures. The very high silica content of the urine made it appear 
probable that some precipitation due to the acidity of the urine may have 
occurred. This appeared to be the case in some of the samples, and an increase 
in the silica value was obtained on warming the sample of urine with sodium 
hydroxide on the water-bath. All results for urine given in the Table are for 
sodium hydroxide-treated samples. 

Intravenous administration of particulate silica. The milky suspension ob- 
tained by shaking quartz powder with isotonic NaCl was decanted from the 
precipitate of coarser material and was analysed for silica. The results indicated 
a SiO, content of 0-8 mg. per cc., approximately that of the diluted solutions of 
silicic acid used for continuous intravenous injection. This suspension was in- 
jected as in the experiments described in the previous section, over a period of 
3 hours. The urine at this time was very bloody and the injection was dis- 
continued. After 6 hours the dog died with no urine in its bladder, despite the 
fact that 250 cc. of liquid had been given and only a few cc. recovered during 
the first 3 hours. The silica content of the urine did not rise very greatly, being 
considerably less than when powdered quartz was given by mouth. This fact 
appears to point to dissolution of ingested silica by the duodenal juice. It was 
thought that the complete stoppage of the kidney secretion was probably due 
to an accumulation of the particles of silica in the glomeruli, but this was not 
borne out by histological examination!. Analysis of the kidneys did not show 
an abnormal amount of silica. The total amount given was only 200 mg., and 
this spread over the several organs of the body could not lead to an appreciable 
rise in the percentage of silica present. The spleen had a slightly higher than 
normal content. Results for this experiment are contained in Table V. 


Table V. Intravenous injection of powdered quartz suspension. 


ce. of mg. SiO, per ce. of mg. SiO, per 
Hours suspension 100 cc. urine urine 100 ce. blood 
0 — 2-1 — - 
] 100 3°3 14 0-3 
33 150 9-9 19 0-8 
6 Total SiO, in- — None 0-9 
jected =200 mg. 
Intravenous administration of organic silicate. ‘‘Silistren,”’ a glycol ester of 


silicic acid which is extensively used as a therapeutic agent in Germany, proved 
a convenient form of organically bound silica. It is a transparent viscous liquid, 
readily soluble in water, and contains by analysis 14-7 °{ SiO,. When dissolved 
in water it gives a proportion of blue colour with the colorimetric reagents 
corresponding to a little less than 5 % SiO, on the weight of silistren used. 


Whether this is due to some uncombined silicic acid, to a partial hydrolysis 


1 Histological examination of the kidney showed generalised degeneration of tubular 
epithelium. Widespread cytoplasmic degeneration of liver cells may have been a post mortem 


development. 
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due to the acidity of the test solution (the colour increases at a rate faster than 
that of a sodium silicate standard) or to a mild action on the reagents by the 
glycol silicate itself is not clear. 

Silistren rapidly yields silicic acid at the temperature of boiling water. At 
room temperature it breaks down very slowly in watery solution, more rapidly 
in acid solution and in alkaline solution (Fig. 1). 


100 - i ee 
: c 1 
, 
J 
a -B 
_ a 
= 504 d — 
=z 3 — 
nf ss a 
SS —_—_—— 
Z ¥ 
4) (--— ;-___, ——r T — Tr — v~ a] 
0 5 10 20 30 40 50 60 
Minutes 
Fig. Hydrolysis of glycol silicate in A, boiling water; B, V/10H SO,; 


C, N/10NH,OH. 


Table VI. Inj ction of organ ic silicate. 


Dog 387 Dog 388 
I rine Blood Urine Blood 
Total Tctal 
calcu calcu- 
mg. SiQ) Total mg. SiO, lated mg. SiO, Total mg. SiO, lated 
per i me. Sif do per : mg. SiO, per mg. SiO, per 5 mg. SiO, 
Hours 1l00cc. in urine 100 ce. in blood 100 cc. in urine 100 ce. in blood 
0 0-7 2-2 22 1-06 2-3 27 
1 14-3 143 9-4 108 
I No urine 11-5 L15 36-1 10-5 
2 2-8 0-3 14-1] 14] 47-5 8-5 11-3 130 
3 15-0 150 10-5 121 
4 \o urine 35:1 2-2 
5 12-4 124 27°8 1-9 9-] 105 
7 12-5 0-9 9-8 98 25-0 2-3 8-8 101 
24 18-7 98-9 1-8 18 17-2 42 71 82 
(night (night 
sample sample) 
18 3-4 34 6-9 80 
72 3-3 1-7 17 56 3°9 45 
96 2-7 2-4 24 5:5 5:2 60 
120 0-7 7:3 4-3 50 


5-68 g. of silistren, corresponding to 0-836 g. of silica, were dissolved in 20 cc. 
of water in which a faintly opalescent solution was formed. An amount of the 
solution corresponding to 400 mg. silica was given to each of two dogs by 
injection into a vein of the fore-leg. Within an hour both dogs appeared ill, 
showed signs of nausea and later vomited. Samples of blood and urine were 
taken at regular intervals for analysis. 

The urinary silica in one dog reached almost as high a level as that obtained 
when silicic acid was introduced into the stomach. The increases for the other 
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dog, which early in the experiment began to show bloody urine and developed 
anuria, were more moderate. 

The blood-silica was raised and maintained at a higher level by using silistren 
than by any other means tried. It is possible that when present as an organic 
compound (7.e. glycol ester) silicic acid can remain at high concentration in the 
blood when it is incapable of remaining there as inorganic silicate. From the 
weight of the animals and the computed amount of blood present (1/13 body 
weight) it was estimated that at the highest level 150 mg. of silica were circu- 
lating in the blood-stream. As 400 mg. were injected and only a small part of 
the difference was accounted for by what appeared in the urine, it seems that 
other tissues than that of the kidneys were removing the silica from the blood, 
though whether as organic or inorganic silicate is, of course, not known. Both 
dogs died on the fifth day. 

Administration of silicic acid by way of the lung. It was observed by Kraut 
[1931] that the silica level of the blood rose as a result of introducing a silicic 
acid solution into the lungs of human subjects by means of an ordinary throat 
spray. In order to determine if the urinary output of silica could be influenced 
by the animal breathing in silicic acid, two dogs were exposed to a fog of silicic 
acid solution. A large box with a tight-fitting cover, carrying a glass window, 
was used to confine the animals and a dilute solution of silicic acid was sprayed 
in from time to time as the fog appeared to settle. A slow current of air was 
blown into the box during the time of exposure so that the dogs might not suffer 
from lack of oxygen. After 2 hours the dogs were removed and catheter speci- 
mens of urine used for silica determinations then and at 6 and 24 hours. The 
results (Table VII) indicated considerable absorption of silica, but it is possible 
that the absorption took place by way of the intestine from such amounts of 
the solution as were licked by the dogs from their skin and fur or were expec- 
torated from the trachea and swallowed. 


Table VII. Silicic acid administered by lung. 


2 hours’ exposure to fog of neutralised 0-5 % sodium silicate solution. 


Dog 340 Dog 390 
mg. SiO, per mg. SiO, per 
Hours 100 ce. urine Hours 100 ce. urine 
0 = 0 0-5 
2 2-4 2 1-3 
6 7-2 6 8-6 
24 4+] 24 4-6 


Table VIII. Intra-bronchial administration of silicic acid. 


Dog 391: 7 ce. of neutralised 5 °% sodium silicate sprayed into lung through bronchoscope. 


0 
Hours mg. SiO, per 100 ce. urine 
VU 0-3 
3 7-5 
5 10-1 
24 4-7 
48 1-0 
96 0-7 


In Table VIII are shown the results obtained when the same silicic acid 
solution was introduced into the lungs by means of an atomiser used to blow 
the spray through the barrel of a bronchoscope introduced into the trachea 
64 
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down to the bifurcation of the bronchus. A markedly increased output of silica 
was observed in the urine, but it is again not clear that this may not have been 
due, in part at least, to expectoration and swallowing of some of the solution. 


SUMMARY. 


Introduction of soluble or of particulate silica into the stomachs of animals 
leads to marked increases in the output of silicate in the urine without any 
corresponding increase in the blood. 

Moderate increases in the concentration of silica in the blood and enormous 
increases in the urine were observed following the intravenous injection of silicic 
acid. Not all the silica injected could be accounted for by that recovered in 
the urine. 

Intravenous injection of a suspension of finely particulate silica caused death 
of the animal within a few hours with moderate increases in the urinary silica. 

The blood appears capable of maintaining a much higher concentration of 
organic than of inorganic silicate. Injection of a solution of the glycol ester of 
silicic acid resulted in considerable increases in the “‘total”’ silica content of 
the blood and moderate increases in the urine. The animals died several days 
subsequent to the administration of the organic silicate. 

Spraying of silicic acid into the lungs led to increased urinary output, but 
it is not certain that this was due to absorption from the lungs. 

It is suggested that animals possess a very low renal threshold for silicate. 
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It was shown by Miquel [1892] that either fresh- or salt-water diatoms could 
be grown in the laboratory under artificial conditions if certain nutrient salts 
were added to the water in which they grew. Through the use of these salts 
the elements potassium, sodium, calcium, iron, nitrogen, phosphorus and 
chlorine were introduced in amount sufficient to give the optimum growth. 
Miquel also mentioned magnesium, sulphur, bromine, iodine and silicon as being 
favourable to growth and included them all, with the exception of silicon, in 
his nutrient solution. Houghton Gill [quoted by Van Heurck, 1893] used 
nutrient solutions of essentially the same composition as those of Miquel but 
included silicon, as calcium silicate, in the list of salts recommended. 

Numerous other workers [e.g. Allen and Nelson, 1910; Allen, 1914; Fritz, 
1918; Peach and Drummond, 1924] have cultured diatoms in natural and 
artificial sea-waters, using modifications of Miquel’s solutions for nutrient 
purposes. In almost all these investigations no addition of silicon as a nutrient 
element was made or its presence was considered as being assured through 
dissolution of the glass. 

The possibility of silica being a limiting factor in the production of diatoms 
was considered by Richter [1904], who obtained luxuriant growths in a medium 
as free as possible from silica when the culture was made in glass vessels, but very 
poor development in paraffined containers. Coupin [1922] also found silica to 
be essential for the growth of Nitzschia linearis, a fresh-water form. When 
cultivated in Knopf medium in Petri dishes very poor development occurred in 
the absence of added silica or when silica was present in an insoluble form such 
as washed sand or gelatinous silica. If, however, the silica were added in the 
form of a slightly soluble silicate, such as orthoclase, felspar or kaolin, healthy 
growth of the diatom occurred. Curiously enough, potassium or sodium silicate 
led to very confusing results. In small amounts no advantage could be observed 
from the addition of either of these salts, while when large amounts were used 
a definitely toxic action became apparent. 

Coupin does not mention the quantities he used, and it is possible that his 
small amounts were insufficient to give any more than a small temporary 
increase in the amount of growth. Large amounts of either potassium or sodium 
silicate, on the other hand, would make the reaction markedly alkaline. Coupin 


1 This investigation was commenced and carried out in part at the Atlantic Biological Station, 
St Andrews, New Brunswick, in the summer of 1931. 
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apparently made no attempt to control the py of his culture media, and it 
seems possible that the toxic effect he mentioned was only due to the high py 
resulting from the addition of these alkaline silicates. 

It was with the purpose of obtaining more information on the part played 
by silica in the production of diatoms that the present experiments were begun. 


EXPERIMENTAL. 


One of the greatest obstacles to studying the effect of silica in the growth 
of marine organisms is the fact that the experiments must, almost of necessity, 
be carried out in glass or quartz vessels of siliceous composition. Recourse was 
had to coating the inside of glass vessels with a non-siliceous material in the 
hope of being able more effectively thus to study the effect of silica in cultures 
of marine diatoms. 


Spar varnish was first tried, but while it gave a fine, hard, transparent and firmly adhering 
coat on the inside of the jar, it appeared to contain some toxic substance, as a culture of mixed 
forms rapidly died out when transferred to the varnished jar. Through the kindness of Mr J. E. 
Buchan, of the Toronto branch of the Bakelite Corporation, we received a sample of bakelite 
air-drying varnish, which was tested with some success. The first attempts to use this material 
were with pint “Gem” jars, the insides of which were painted with a thin coat of the bakelite 
varnish which was then baked in the oven at a little over 100° until quite hard. This appeared 
to give an excellent coating, but after a dozen jars had been made up with a Miquelised sea-water 
containing various amounts of silica and planted with Nitzschia closterium, the coating of bakelite 
slowly began to flake and peel off, and after a few days the cultures in most of the jars appeared 
to be dead, apparently through the action of something of a toxic nature contained in the varnish. 

With large museum jars of 4-litre capacity, however, our success was better. The bakelite 
was applied to the thoroughly dried glass by means of a fine brush and was allowed to dry in 
the air exposed to the hot rays of the sun for a week before using. Applied in this way the bakelite 
showed no tendency to peel off the glass when the water was added, and the toxic substance 
appeared to have been either lost through evaporation or to have been trapped in the hard coating, 


as the cultures grew readily in these jars. 


About 10 litres of strained sea-water were treated with the modified Miquel 
solutions of Allen and Nelson [1910]'. The clear solution was siphoned from the 
precipitated calcium iron phosphate after standing for a day in a large cylin- 
drical jar. The silica content of this water, estimated by the colorimetric method 
of King and Lucas [1928], was 0-92 mg. SiO, per litre. The solution was divided 
into three portions of 3-5 litres each and each portion placed in one of the large 
bakelite-coated jars. To each were added 10 cc. of a fresh plankton containing 
several species of Chaeloceros, Nitzschia closterium, Thalassiosira balticum, 
Thalassiothrix nitzschoides and many others. 

The jars were labelled A, B and C. Jar A was left unaltered with a silica 
content of 0-92 mg. per litre and p,, 8-3. To jar B were added 68 mg. of Na,SiO,, 
9H,O equivalent to 4 mg. of silica per litre. A slight white turbidity was formed 
as the solid material was stirred into solution, but this Jater dissolved. Jar C 
received 176 mg. of the silicate (equivalent to 10 mg. SiO, per litre) dissolved 
in a little water. The resulting p,;,; was 8-6, and a small white precipitate formed, 
which dissolved on blowing carbon dioxide into the solution until the py, had 
fallen to 8-4. 


1 For each litre of sea-water were added 2 cc. of solution A (20-2 g. KNO, in 100 cc. of water) 
and 1 cc. of solution B (4 g. Na,HPO,, 12H,O, 4 g. CaCl,, 6H,O, 2 cc. of fused FeCl,, 2 cc. con- 


centrated HCl and water to 80 cc.). 
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The jars were covered with glass and placed on a table in front of a south 
window, where the mean temperature was about 21°. 

During a week of cloudy weather there appeared to be no increase in the 
diatoms; indeed, many of the forms seemed to have died out. The concentration 
of silica, estimated on 100 cc. of solution withdrawn from the jars, was as 
follows: A, 0-65 mg. SiO, per litre; B, 9-9 mg., and C, 14-6 mg. 

It was noticed, however, that while free forms were mostly absent, there 
was a growth of bottom forms, chiefly Navicula—at first Navicula distans and 
later, a minute form which was undetermined, which, with the advent of much 
sunshine, became very luxuriant during the next two days. This was especially 
marked in C, with B also showing a fair amount and A a little as well. 

The soluble silica content of the jars fell rapidly with this burst of growth 
and after several days had fallen nearly to the vanishing point in all the jars. 
At this point the rapid increase in growth appeared to cease, clumping of the 
diatoms became noticeable and the cultures appeared to be becoming stagnant. 
After a further interval of a few days the cultures still appeared stagnant; the 
silica values had risen somewhat, probably due to re-solution of the skeleton 
of the diatoms. The jars were now placed in the dark in order that the diatoms 
might die off, disintegrate, and the mineral constituents, including the silica, 
possibly go back into solution. 

The results of this experiment are summarised in Table I. It will be seen 
that there was a steady decrease of the silica in solution which ran parallel with 


Table I. Soluble silica in plankton cultures. 


Soluble silica content in mg. per litre 


Date cea 
1931 Days Jar A Jar B Jar C 
July 20 0 0-92 9-3 14-8 
24 + 0-74 8-6 12-8 
ae 7 0-75 8-6 9-8 
(Bottom forms multiplying rapidly, especially in C) 
Aug. 1 12 0-22 3°5 2-0 
(Luxuriant growth in all jars) 
Aug. 3 14 0-15 0-28 0-15 
(Diatoms beginning to form clumps and float to top) 

Aug. 5 16 0-49 0-40 0-36 
~~ we 23 0-52 0-80 1-50 
>. Je 31 0-60 22 1-64 

(Jars placed in the dark) 

Sept. 14 58 0-88 1-44 

Oct. 20 94 2-69 10-01 

Nov. 20 125 — 5-1 11-28 

Dec. 29 164 1-8 77 14-7 


the growth of diatoms, and that after the cultures were dead and re-solution 
of the forms had commenced, tliere was a steady increase of soluble silica until 
the original values had almost been reached. 

Since this experiment had demonstrated the possibility of increasing very 
markedly the growth of diatoms in Miquelised sea-water by the addition of 
silica in amounts 5 and 10 times that found in the sea-water in the Bay of Fundy 
region, it was thought worth while to investigate the influence of much larger 
concentrations of silica, namely, up to 200 times that found in sea-water. Since 
many more jars were required for this experiment, it was decided to use the 
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pint sealers. 





It had been found impossible to coat these 


satisfactorily with any varnish, but since the quantities of silica to be used were 
very large compared with any amounts which might dissolve from the glass, it 
was decided to use the sealers uncoated. 

An artificial sea-water prepared from the reagents available in the laboratory 
was found to have more silica than a natural sea-water. 
latter were accordingly Miquelised for the experiment. A dozen sealers were 


put up as follows: 


1. 2 


3, 4. 


5. 250 ec. 


* The inoculation was chiefly Nitzschia closterium (f.) minutissima which was in healthy 


250 cc. sea-water 


250 cc. sea-water 
sea-water 


50 ec. distilled water 


50 ce. distilled water 


1-25 ee. 


condition but not in pure culture. 


The silicate solution consisted of 1-182 g. of Na,SiO,, 9H,O dissolved in 250 cc. of water, 
and contained 1 mg. of SiO, 


The py of jars 1 to 6 was 8-4; 10 ®% HCl was added in small amounts to the others to bring 


them to a similar py. 


Each jar was analysed for silica at the beginning of the experiment and at 


per cc, 


Several litres of the 


+a few drops chloroform and no 
inoculation to determine the extent of dissolution of silica from the glass. 


inoculation*. 


of silicate solution? (1 mg. SiO, per cc.). 


48-75 ec. distilled water. 


47-5 cc. 
45 ce. 
97. 
37°5 ec. 
31-25 ec 
25 ce. 


12-5 ce. 


stated intervals, with the results illustrated in Table I. 


Table II. 


N ] 2 

16 0-40 0-44 

Is 

24 0-40 0-44 

3 0 0-40 

if 0-50 O-os 

25 0-47 0 
All cultures dead 

5 0-67 OR? 

SiO solu 

1S] € 

ecipitate 1 

S10 ed 

il SiO, present 
Difference 


The results (Table IT a) indicated, as did those of the first experiment, that 
the addition of silicate to a plankton culture may cause a definite increase in 
the total amount of growth in a given period of time. It is interesting that this 
holds only for silicate concentrations up to about 100 mg. of silica per litre. 
When present in concentrations above this amount silicate seems to have an 
inhibitory and even definitely toxic effect on the plankton. This appears to 
confirm the finding of Coupin for high concentrations of sodium and potassium 


0-19 


0-12 


0-04 


Utilisation of silica by phytoplankton. 


mg. of SiO, per 100 ec. 


{ 5 6 
0-92 1-29 

0-34 0-70 1-16 
0-29 0-92 

0-14 0-52 O-S4 
0-15 0-55 

0-05 0-03 

1-12 1-60 1-37 
2 1-20 1-7] 
a9 6 

12 7-10 5°31 
Th 9.21) 99 
32 1-SO 2-09 


solution. 








2-42 5°56 
1-98 1-78 
2-01 4-45 
1-64 

0-40 

0-04 

1-47 2-78 
1-57 6-90 
77 12-6 

9-27 19-50 
6-05 13-90 
3-22 5°60 


12-40 


10-4 


22-80 
1-75 


1-05 


10 ll 
10-33 16-00 
9-48 12-0 
TRO 9-60 
1-9 8-2 
54 5d 
4-1 1-3 
1-9 5-9 
12-25 14-92 
17-0 23-7 
99-25 38-62 
5-82 10-00 
34 1-38 


20-75 
16°50 
16-00 


16-0 
14-6 
14-2 
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Table II a. Growth in cultures of different silica content. 


No. ofcultures 3 { 5 6 7 s 
1931 
Aug. 20 166 60 85 118 5D 69 
22 1216 2848 2960 3780 3000 6760 
30% 
C. soe 2 
<i Active Active Active Active Active Active 
Sept. 4 *Stagnant Stagnant Stagnant Stagnant Stagnant Stagnant 
8 Active Active Active Active Active Dormant 
12 Active Active Active Active Active Dormant 
(weather very warm) 
15 Weak Dormant Dormant Dormant Dormant Dormant 
(temperature in cultures rose to 30°) 
18 *Dormant Dormant Active Dormant Active Dormant 
22. Weak Weak Weak Weak Weak Active 
(weather very warm, temperature rising to 28°) 
25 4Weak Weak Active Weak Vigorous Dormant 
30 Dead Dead Dead Dead Dead Dead 
1 


Average number of diatoms in the counting cell, vol. 0-17 ec. 


Max. 
culture 


Stagnant 


Veak 


Dormant 
Dormant 
Dormant 
Vigorous 
C. social 


Dormant 


Dead 


10 


Active 


30 % 


Max. 
culture 


Active 
Weak 


Dormant 


Weak 


Weak 


Dead 


1 


019 


11 
71 
628 
Weak 
Stagnan 
\ctive 
Dormant 
Active 
C. iale 
Act 
( 
We 


* Stagnant, refers to the colourless condition which developed in transit from St Andrews to Toronto. 


* Dormant, no apparent, new growth, some frustules alive but pale in colour; 
dead and dissolving. 
‘n 


eak, healthy JV. closterium specimens few. 


Summary of changes observed in the cultures. 


(1) 


at all times except near the close of the experiment when bottom-living Navicul 


probably 


la 


very abundant in the lower concentrations of silica and C. sociale had short periods of : 


in the highei concentrations. 


(2) The growth of N. closterium in dense patches after the first 3 or 4 days mad 


counts of Aug. 22 indicative of a general condition only. 


(3) C. sociale appeared in all the cultures. It 


sea-water used for the cultures. Although a planktonic form accustomed to a t 


12 


to 14°, 


was found in cultures numbered 3 to 8 inclusive after the tenth day but it grew for sl 


in the higher concentrations. 


was the dominant diatom 


in the 1 





(4) After each period of growth empty frustules were found in the solution. C. socia 


has a thin covering of silica, soon disappeared; the heavier coated NV. closte 


lasted much longer. Many were apparent in the jars on Sept. 30. 


UN 


it survived in culture a week of hot weather when the temperature reached 30°. 


nperature 


N. closierium which was added as the inoculation in the whole series was predominant 


Non 


per1oas 


hich 


cu 


silicates, and, since the py of all cultures in the present experiment was the 
same, to rule out the possibility that the toxic action was due to alkalinity, 
although this condition may have been a complicating factor in his experiments. 

In those jars where growth was luxuriant the soluble silica values rapidly 
fell—in those of low and moderate initial concentration to very low values. 
At higher concentrations (jars 8, 9 and 10) the total drop was greater, although 
there was still much silica in solution at the time when maximum growth was 
reached. The two jars containing the highest concentrations of silicate likewise 
suffered a decrease of the silica in solution, but in this case the precipitated 


material appeared to consist mostly of gelatinous silicic acid rather than of 


diatom valves, as was the case in the other jars. 


ol 
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At the conclusion of the experiment the total amount of silica remaining in 
each culture was estimated by analysis of both the filtrate and the residue after 
filtering through a fine filter-paper. In all the jars except those two with the 
highest concentration of silicate, there was definite evidence of considerable 
dissolution of silica from the glass. 


Dissolution of silica from boiled and unboiled diatoms. 


Two litres of a “tow” of phytoplankton taken October 3rd and received 
October 7th, were centrifuged and the supernatant liquid discarded. The pre- 
cipitate was shaken with distilled water and poured in equal amounts into two 
200 cc. flasks. One flask was heated at 95° for 5 minutes and cooled. Both portions 
were now saturated with chloroform and transferred to 2 paraffined flasks. The 
Py Of the unboiled portion was 6-9 and that of the boiled portion 7-0. 

Two 15 ce. portions were withdrawn from each flask (after shaking) and 
filtered clear through Whatman No. 42 papers. Silica was determined in 10 cc. 
of the filtrate. The results of the analyses (Table IIT) showed that a more ready 
dissolution of the silica was taking place in the unboiled than in the boiled 
sample. 

Table III. Silica in 10 ce. of filte red diatom solution. 


Days Boiled Increase Unboiled Increase 

0 0-050 — 0-046 — 

7 0-048 vee 0-049 0-003 
14 0-055 0-005 0-060 0-014 
22 0-060 0-010 0-058 0-012 
34 0-043 0-093 0-047 
55 0-118 0-068 0-267 0-221 


Addition of magnesia mixture gave no precipitate with these filtrates, indi- 
cating that there was very little phosphate present. The p,, did not change 
appreciably in either flask. 

This experiment appears to indicate that there was possibly something of 
an enzymic nature in the unboiled portion which caused more ready dissolution 
of the silica. Since both solutions were originally part of the same, this agent 
(a silicatase?) must have been destroyed by the boiling. Alternative explana- 
tions to that of a specific agent acting directly on the silica or on some organic 
derivative thereof are that general autolysis of the organic parts of the diatoms 
left the skeleton more susceptible to dissolution, and that boiling in the one 
flask may have caused sufficient coagulation of the diatom bodies to render 
them less susceptible to dissolution. This experiment has been repeated several 
times. The unboiled portion of the diatom suspension has invariably dissolved 
more rapidly than that which was boiled. 


SUMMARY. 


Addition of silicate to a culture solution already containing an abundance 
of nutrient salts caused increased diatom growth. In high concentration silicic 
acid appeared to have an unfavourable effect on the growth of diatoms. 

Dissolution of silica appeared to be more rapid in an autolysing suspension 
of diatoms containing chloroform than in one which had been boiled. 


The authors wish to record their thanks to Prof. A. G. Huntsman and his 
staff at the Atlantic Biological Station, St Andrews, New Brunswick, for much 
valuable assistance and for laboratory accommodation and facilities during part 
of this investigation. 
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(Re ceived May 30th, 1933.) 


AtL methods of estimating cysteine and cystine in complex solid materials, 
that have any claim to specificity, depend in the first instance upon getting 
these amino-acids into solution, and acid hydrolysis is the means usually 
employed. 

Apart from the errors associated with the final assay of such solutions, some 
of which have been overcome [| Lugg, 1932; 1933], there is the possibility of others 
that belong strictly to the process of hydrolysis. These are usually overlooked 
entirely or considered unimportant. It is the purpose of the present article to 
describe an investigation of two such possible sources of error, decomposition 
of the cysteine and cystine by the hydrolysing acid once they have been liberated, 
and reactions of the liberated cysteine and cystine with other substances, either 
present as such in the material or formed during hydrolysis. Hydrochloric acid 
was used as hydrolysing agent. 

The stability of cysteine and cystine when heated in acid solution was first 
examined, and the recovery of cysteine and cystine was then tested after they 
had been “hydrolysed” with much extraneous material including carbohydrates. 

On account of the losses that occurred when carbohydrates were present 
stannous chloride was added [Hlaziwetz and Habermann, 1873] to minimise 
“humin” formation, but this did not diminish the loss, and humin formation 
was not much reduced. A necessary preliminary to these experiments was to 
test the action of stannous chloride on cystine in pure acid solution; this was 


found to be essentially reduction to cysteine. 

In comparison with the loss of cysteine, the loss of cystine when hydrolysed 
with carbohydrates is quite small, and consequently the possibilities were 
explored of oxidising the liberated cysteine rapidly to cystine before it could 
react with the carbohydrate decomposition products. The search for an oxidising 
agent that would rapidly oxidise cysteine in acid solution to cystine and no 
further was unsuccessful. The alternative possibilities of protecting the reactive 

SH group in cysteine or of rendering the carbohydrate decomposition products 
unreactive hold little promise of realisation. 

\t the temperature employed in most of this work (100°) the time allowed 
for hydrolysis would probably be insufficient for the attainment of a negative 
biuret reaction in a protein hydrolysate. 
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EXPERIMENTAL. 


The solutions were analysed for their sulphydryl and disulphide contents 
by the method described by Lugg [1932]!. These are recorded as such but 
are calculated in mg. of cysteine and cystine respectively. Such estimations 
may be made with “fair accuracy even in the presence of large amounts of 
extraneous material. On the other hand the procedure for estimating cysteine 
and cystine specifically, described by Lugg [1933], fails when large quantities 


. of the decomposition products of carbohydrates are present. Its use in this 


investigation was therefore limited, and in fact most of the work was done before 
it became available. The method has been applied to the specific estimation 
of cystine in experiment D (1) as a check on the possible decomposition of 
cystine other than that associated with desulphuration. 

A. Cystine heated in HCl solution. The stability of cystine when boiled with 
6N HCl for varying periods has been thoroughly investigated, notably by 
Hoffman and Gortner [1922], who found that the chief change during 20 hours 
was racemisation of /-cystine, but that, with increasing time, chemical de- 
composition by deamination, decarboxylation and desulphuration became more 
than slight. 

25 mg. cystine were heated with 25 cc. 5N HCl at 100° for aig up to 
24 hours without detectable loss in the RSSR content (less than 1 °%). Such a 
solution could be evaporated in an open beaker to 2 cc. either on the water- 
bath or at the boiling-point without loss. There was no loss when the “hydro- 
lyses’’ were conducted in sealed tubes at 100° with urea present. 

B. Cysteine heated in HCl solution. (1) 23-6 mg. cysteine in 25 cc. N HCl were 
heated in an open beaker at the boiling-point with renewal of evaporated water 
for 45 minutes. The solution was diluted to 25 cc. for analysis. RSH content 
23-5 mg.; RSSK content nil. (No measurable oxidation to cystine and no loss.) 

(2) 23-6 mg. cysteine in 10 cc. 5N HCl were heated with 0-5 g. urea in a 
sealed tube at 100° for 18 hours. There was a little air in the tube when sealed 
off. A pressure of CO, was developed and on opening the tube the odour of 
HS was just perceptible. The contents were evaporated to 5 cc. on the water- 
bath and diluted to 25 cc. for analysis. RSH content 20-0 mg.; RSSR content 
3-3 mg. (84:6 % of the original cysteine was unchanged, 14-1 % had been 
oxidised to cystine, and just over 1 °% of the original S was lost, partly if not 
wholly as H.S.) 

C. Cystine a in HCl solution with SnCl,. (1) 50 mg. cystine in 10 cc 
5N HCl with 2-25 g. SnCl,, 2H,O were heated in a sealed tube for 18 hours at 
100°. There were one or two small dark de »posits (SnS) at the top of the tube and 
these dissolved on coming into contact with the liquid contents. On opening the 
tube the odour of H,S was faintly perceptible. The solution was diluted to 25 ce. 
It was necessary to remove any stannous salt present before analysing for 
RSH and RSSR, as the usual procedure involved the use of mercuric chloride. 

Precipitation of the Sn++ as SnS. An aliquot of the solution was diluted with 
three volumes of water, and sufficient NaOH solution was added to reduce the 
acid concentration to about 0-2 NV HCl. H,S was passed in for 20 minutes at 
room temperature and the SnS was filtered off and washed. Excess H,S was 
boiled out of the filtrate, which was then diluted to volume for analysis. RSH 
content 34-3 mg.; RSSR content nil. (A loss of 32 % of the cystine originally 
present, the rest occurring as cysteine. ) 


1 Unfortunately, on p. 2164 of the article [Lugg, 1932], there are three printer’s errors. The 
13, B instead of b; line 33, A instead of a; line 34, B instead of l 





corrections are: line 
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Another aliquot was treated in the same way except that CO, was blown 
through the filtrate to remove the excess H,S. The loss was the same as in the 
previous experiment. 

The loss was not due to the introduction locally of concentrated NaOH 
solution because zine and calcium carbonates could be used instead without 
improving the recovery. 

(2) Substitution of the Sn by Zn. 50 mg. cystine in 10 cc. 5N HCl were heated 
with 2-25g. SnCl, , 2H,O in a sealed tube for 4 hours at 100°. The solution was then 
diluted to 25 ec. and treated with 2-5 ¢. ZnCO,. 4¢, of coarsely powdered zine 
were then added in small portions with agitation and the mixture was agitated for 
a further 7 minutes. It was then filtered through a paper lined with 6 g. of zine 
powder. Filtrate and washings were diluted to 50 cc. for analysis. RSH content 
49-5 mg.; RSSR content nil. (Conversion into cysteine with a loss of 1-8 %.) 

An aliquot of the solution was extracted three times with double its volume 
of anhydrous ether. It was then warmed to expel ether, cooled and diluted to 
its original volume for analysis. RSH content 43-8 mg.; RSSR content 5-2 mg. 
(Partial oxidation of the cysteine present to cystine with a doubtful 1% loss.) 

(3) 50 mg. cystine in 10 cc. N HCl were heated with 1-125 g. SnCl, ,2H,O in 
a sealed tube for 14 hours at 100°. The solution was diluted to 30 cce., 3-05 g. 
ZnCO. were added, and H,S was passed in for 15 minutes. A further 0-5 g. 
ZnCO, was added and H.S was passed in for a further 20 minutes. The SnS was 
filtered off and washed and the filtrate boiled to expel H,S and finally diluted to 
50 cc. for analysis. RSH content 39-2mg.: RSSR content, doubtful trace. 
(A loss of 22 °% of the cystine originally present.) 





An aliquot of the solution was treated with powdered zinc as described in 
C (2). Some tin was removed. This tin, not precipitated by the H,S, must have 
been in the stannic condition. RSH content 39-7mg.; RSSR content nil. 
(A loss of 21 °%% of the cystine originally present.) 

These experiments show that cystine is reduced to cysteine when heated with 
stannous chloride in acid solution with very little loss; but that if stannous 
sulphide is precipitated from a cysteine solution some of the cysteine is carried 
down by the SnS, the loss increasing with the amount of precipitate. The 
cysteine is apparently adsorbed on the sulphide particles. Independent experi- 
ments show that bismuth sulphide acts in the same way. 

D. Cystine heated in HCl solution with a mixture of amino-acids. (1) 1 g. of 
acid-washed gelatin and 50 mg. cystine were hydrolysed with 50 cc. 5N HCl at 
the boiling-point for 20 hours. The hydrolysed mixture was evaporated in a 
beaker on the water-bath to a small volume. The solution was diluted, filtered, 
and made up to 50 cc. for analysis. RSH content nil; RSSR content 49-2 mg. ; 
cystine content 47-2 mg. (RSSR loss 2 %; cystine loss 6 %.) 

(2) It is known that if any sulphur-containing compound other than cystine 
occurs in wool keratin, it must be present in excessively minute amounts. A 
wool keratin hydrolysate in 2N acid that had been kept for some years was 
filtered and analysed: RSSR content 1-18 mg. per cc. 25 ce. of the hydrolysate 
were heated with an additional 5 cc. 10N HCl at 100° in an open beaker until the 
total volume had been reduced to 5 ce. A very small amount of “humin” 
material separated. The solution was diluted somewhat, filtered, and made up 
to 25 ec. for analysis. RSSR content 29-2 mg. (A loss of about 1 %.) 

The results of D (1) show that the cystine destruction (deamination plus 
decarboxylation plus desulphuration) is more serious than the disulphide 
destruction (desulphuration), which is only to be expected if the three modes of 
destruction can occur independently. 
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E. Cystine heated in HCl solution with amino-acids, carbohydrates, etc. 
(1) 25 cc. of the keratin hydrolysate were heated at 100° in an open beaker with 
5 ec. 10N HCl, 0-2 g. sucrose, 0-1 g. arabinose, 0-1 g. tartaric acid, and 0-1 g. 
uric acid until the volume had been reduced to about 7 cc. 20 cc. 5N HCl were 
added and the volume was again reduced, this time to 5 cc. 15 cc. of water 
were added and were followed by sodium acetate until the py, was about 2-5 
(thymol blue) to precipitate the “humin” materials in the region of their mini- 
mum solubility. After standing for several hours the mixture was filtered, the 
residue was extracted with hot 0-01.N HCl, and filtrate and washings were 
diluted to 50 cc. for analysis. RSH content nil; RSSR content 28-0 mg. (A 
loss of 5 %.) 

An aliquot was extracted with anhydrous ether as in C (2). The.colours due 
to extraneous reducers were diminished, but the RSSR content was unaltered. 

(2) 25 mg. cystine were heated on the water-bath in a flask under reflux for 
16 hours with 50 ec. 2N HCl, 0-5 g. sodium glutamate, 0-25 g. sucrose, 0-05 g. 
arabinose, 0-125 g. tartaric acid, 0-05 g. tyrosine and 0-025 g. uric acid. The 
mixture was filtered at the pump and the residue extracted with hot 0-01 NV HCl. 
Filtrate and washings were diluted to 50 cc. for analysis. RSH content nil; 
RSSR content 24:2 mg. (A loss of 3-2 %.) 

An aliquot was brought to py 2-5 as in E (1). After 24 hours the humins 
were filtered off and washed, and the filtrate was diluted to volume for analysis. 
(The loss was increased from 3-2 to 4 %.) 

(3) 50 mg. cystine in 20 cc. 5N HCl were heated at 100° in a sealed tube for 
18 hours with 1-0 g. cellulose, 0-5 g. sucrose, 0-1 g. arabinose, 0-1 g. tartaric acid, 
0-5 g. glycine, 0-2 g. aspartic acid, 0-05 g. uric acid, 0-02 g. creatinine and 0-25 g. 
urea. The mixture was filtered at the pump, the residue was extracted twice with 
hot N HCl solution and washed, and filtrate and washings were evaporated on 
the water-bath to a syrup (4 cc.). 5 cc. 1ON HCl and 30 cc. of water were added 
and the mixture was again evaporated to a syrup. The process was repeated. 
The syrup then received 5 cc. 5N HCl and 10 cc. of water and after 10 minutes’ 
heating on the water-bath sodium citrate buffer (py, 6) was added until py 2-5 
was reached. The mixture (about 35 cc.) was allowed to stand 30 hours and was 
then filtered. The residue, which was very small in bulk, was extracted with 
0-01 N HCl. Filtrate and washings were diluted to 50 cc. for analysis. RSH 
content nil; RSSR content 47-2 mg. (A loss of 6 %.) 

An aliquot was submitted to ether extractions. The loss was increased by 1 %. 

The acid-insoluble residue present at the end of hydrolysis was thoroughly 
dried after extraction. It weighed 1-05 g. and contained 23-0 mg. nitrogen. 
There was obviously no evidence of selective adsorption of the cystine. Most of 
the uric acid would be present in the residue because of its slight solubility. 
From E (2) it was believed that the bulk of the lost cystine would occur in this 
acid-insoluble residue and very little in the humins precipitated at p, 2-5. 

(4) 50 mg. cystine in 200 cc. 5N HCl were heated at 100° under reflux for 
18 hours with 20 g. cellulose, 10 g. sucrose, and 3 g. glycine. The mixture was 
filtered at the pump and the residue thoroughly extracted with hot N HCl. 
Filtrate and washings were evaporated almost to dryness on the water-bath 
and then heated with 100 cc. 2N HCl for 30 minutes. The mixture was again 
filtered and the residue thoroughly extracted with hot N HCl. Filtrate and 
washings were evaporated to about 10 cc., partly neutralised with NaOH 
solution, and brought to py, 2-5 with sodium citrate. After 24 hours the mixture 
was filtered, the residue washed and the filtrate diluted to 50 cc. for analysis. 
RSH content nil; RSSR content 10 mg. (A loss of 80 %.) 
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An aliquot of the solution was about half decolorised with norite (absorbent 
carbon). It has been found that very little cystine is removed in this way 
provided an appreciable brown humin colour remains. RSSR content 9-5 mg. 
(A loss of 81 %.) 

The first residue from hydrolysis when dry weighed 14-5 g., the second 3-5 g., 
and that precipitated at p,, 2-5, a few decigrams. Less than 2 % of the nitrogen 
originally present had been lost. Relatively speaking, the cystine was certainly 
carried down in preference to the glycine. 

F. Cysteine heated in HCl solution with amino-acids, carbohydrates, etc. 
24-7 mg. cysteine in 10 cc. 5N HCl were heated in a sealed tube at 100° for 
18 hours with 0-5 g. cellulose, 0-25 g. sucrose, 0-05 g. tartaric acid, 0-25 g. glycine, 
0-1 g. aspartic acid, 0-025 g. uric acid, 0-01 g. creatinine and 0-5 g. urea. A fair 
pressure of CO, developed but there ‘was no odour of H,S when the tube was 
opened. The mixture was filtered at the pump, the residue extracted, and filtrate 
and washings were evaporated to about 3 cc. About 10 cc. of water were added, 
and the solution was brought to py, 2-5 as in E (3). After standing for 4 hours 
the mixture was filtered and the residue washed, and the filtrate was diluted to 
25 ec. for analysis. RSH content 3-0 mg. (doubtful); RSSR content 1-0 mg. 
(doubtful). (A loss of 85 °% or more.) 

G. Cystine heated in HCl solution with Snt lo, amino-acids, carbohydrates, ete. 
(1) 50 mg. cystine in 10 ec. 5N HCl were heated at 100° in a sealed tube for 
16 hours with 2-25 g. SnCl,,2H,O, 0-3 g. sucrose, 0-1 g. arabinose, 0-1 g. tartaric 
acid, 0-5 g. glycine, 0-5 g. aspartic acid, 0-1 g. uric acid and 0-1 g. creatinine. 





Sedimentation of the insoluble materials in the tube was much better than in 
E or F, but the solution was still dark brown in colour. The entire contents of 
the tube were treated as under C (2). There was considerable frothing caused by 
hydrogen bubbles and the escaping gas carried a peculiar odour reminiscent of 
carbylamines. The resulting solution diluted for analysis was pale orange-yellow 
in colour with a tendency to fluoresce. It darkened in colour upon exposure 
to air. RSH content 5 mg. (doubtful): RSSR content nil. (A loss of at least 
YO °/.) 

(2) 50 mg. cystine in 20 ec. 5N HCl were heated at 100° in a sealed tube for 
20 hours with 20 g. SnCl,,2H,O, 1-0 g. cellulose, 0-5 g. sucrose, 0-1 g. arabinose, 
0-1 g. tartaric acid, 0-5 g. glycine, 0-2 g. aspartic acid, 0-05 g. uric acid and 0-02 g. 
creatinine. Even in the presence of so much SnCl, the heated solution was dark 
brown in colour and there was much sediment. The Sn was removed as in C (2), 
20 g. zine being used. Frothing was very pronounced and the hydrogen smelt 
of carbylamine. The colour of the final solution was the same as in G (1). RSH 
content 3-0 mg. (doubtful); RSSR content 1-5 mg. (doubtful). (A loss of at 
least 90 °%.) 


The effects of oxidising substances upon cyste ine and cystine. 


Aerial oxidation. Under the conditions described in A, cystine in hot HCl 
solution appears to be unaffected by atmospheric oxygen, and it is commonly 
supposed that in the cold such solutions will keep indefinitely. Andrews [1932] 
has recently shown that cystine is slowly oxidised in HCl solution, mostly, if not 
entirely to cysteic acid. In H,SO, solution on the other hand there was no loss, 
even after seven years. Andrews concludes that the oxidation in HCl solution 
is due either to traces of free halogen produced in the acid or to the presence of 
catalysts. In strongly alkaline solution any oxidation is probably dependent 
upon preliminary breakdown of the cystine. Cysteine is readily oxidised to 


cystine by air at p,, 7-8, the rate being increased enormously by traces of iron, 
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copper, and other salts [Mathews and Walker, 1909; Harrison, 1924; and others]. 
The rate of oxidation decreases as the py decreases. 

(1) A solution containing 1-26 mg. cysteine per cc. in 0-25 NV HCl was pre- 
pared. 20 cc. were placed in a conical flask of 50 ce. capacity. Air was bubbled 
through the solution through a layer of 2 cm. depth at 10 cc. (N.T.P.) per minute 
in bubbles of about 0-1 cc. volume at 20° for | hour. The solution was then diluted 
to 25 ce. for analysis. RSH content 25-1 mg.; RSSR content nil. (No measurable 
oxidation and no loss.) 

(2) The experiment was repeated at 100°. An efficient reflux condenser 
prevented appreciable loss of water. vapour. RSH content 25-0 mg.; RSSR 
content, trace. (Practically no oxidation and no loss.) 

(3) (1) was repeated in the presence of 2 x 10-® mol. of ferrous ammonium 
sulphate. RSH content 24-8 mg.; RSSR content 0-3 mg. (About 1-5°% of the 
cysteine had been oxidised to cystine.) 

(4) (2) was repeated in the presence of 2 x 10-® mol. of ferrous ammonium 
sulphate. RSH content 22-5 mg.; RSSR content 2-4 mg. (10 % of the cysteine 
had been oxidised and at least 90 % of this could be accounted for as cystine.) 

(5) Solution (1) was allowed to stand at room temperature with occasional 
replacement of the air above it. After 1 day 14 % of the cysteine had been 
oxidised and was recoverable as cystine. After 4 days 30 % of the cysteine had 
been oxidised and was recoverable as cystine. After 30 days 50% of the 
cysteine had been oxidised and of this at least 96 ‘ % Was recove rable as ¢ ystine. 
After 180 days all the cysteine had been oxidised. At least 97 °% of it was recover- 
able as cystine, leaving 2 or 3 % unaccounted for. 

Oxidation with ferric chloride. (1) Cystine was allowed to stand for 2 hours 
at 20° with 12 times its molecular quantity of FeCl, (a) in 0-1 N HCl, and (6) ina 
citrate buffer at p,, 5-7. In (b) there was no oxidation as revealed by the RSSR 
estimation, but in (a) a little ferrous salt was produced and about 2 % of the 
cystine was lost. 

(2) 10 mg. cystine in 12-5 cc. 0-5 N HCl with 1 millimol. FeCl, were heated 
for 18 hours in a sealed tube containing a little air. The mixture was cooled for 
analysis. RSH content nil; RSSR content 7-5 mg.; Fe++ content 0-018 millimol. 
(25 % of the cystine was oxidised apparently to cysteic acid. The amount of 
ferrous salt corresponded with 76 % of the supposed oxidation. Presumably 
the air in the tube oxidised part of the ferrous salt back to the ferric condition.) 

(3) The experiment was repeated with cysteine in place of cystine. The 
analysis for RSH was of course negative, but only 33 % of the cysteine was 
recoverable as cystine. The remaining 67 °4 was apparently oxidise d to cysteic 
acid as the amount of ferrous salt produced corresponded with about 95 ° 
that required. Re-oxidation of the ferrous salt to ferric by air in the tube would 
be relatively less pronounced in this case. 

(4) In a similar experiment conducted with only 0-5 millimol. FeCl, and 
with a heating period of only 4 hours, 40 % of the cysteine was recoverable as 
cystine, and the ferrous salt present accounted for 90 % of the supposed oxi- 
dation. 

(5) As a variant to (4), the FeCl, was placed in the tube with part of the 
acid and maintained at 100° whilst the cysteine in the remainder of the acid 
was added slowly in small portions with agitation. The tube was then sealed and 
heated for 4 hours. The analysis agreed almost perfectly with (4). 

It was thought that the rapid breakdown of the cysteine-ferric salt complex 
in (5) would hav e resulted in a different distribution between the oxidation 
products of the cysteine. 


oO of 








1028 J. W. H. LUGG 


Oxidations with various other substances. Over the range py 3 to 6 cysteine 
may be oxidised more or less completely to cystine by ferricyanide, H,O,, 
chromate, persulphate, iodine and iodate. If large excess of the oxidiser is 
employed, considerable amounts of the cysteine are oxidised beyond cystine, 
the tendency to the more extensive oxidation increasing with the acidity and 
the temperature. Cystine itself is destroyed by these same oxidisers, but less 
easily. 

DiscussIon. 


From an analytical point of view, cystine is reasonably stable when heated 
for 20 hours in 5N HCl at 100°, either alone or with such substances as urea and 
stable amino-acids. Under similar conditions cysteine is decomposed to the 
extent of about 1%, one of the decomposition products being H,S. When 
heated at the boiling-point, the loss of cystine is about 6 %, but if estimated as 
disulphide, only 2 °%%. When heated with stannous chloride in acid solution 
cystine is reduced to the extent of about 98 °% to cysteine, and a little H,S is 
produced. 

When cystine and cysteine in acid solution are heated with carbohydrates, 
variable amounts are lost. In actual experiments, when the humins formed 
were about 20 times the weight of the cystine or cysteine originally present, 
6 to 7 % of the cystine and at least 85 °% of the cysteine were lost. The cystine 
loss increased to about 80 °%% when the weight of humin was about 360 times 
that of the cystine originally present. When heated with carbohydrates in the 
presence of stannous chloride, cystine is lost just as extensively as is cysteine in 
the absence of stannous chloride. 

Whereas the loss of cystine appears to be due to ordinary adsorption on 
the particles of humin, the far more extensive loss of cysteine is presumably 
due to condensation. Carbohydrate humins are aldehydic in character, and 
in this connection it is known that the simple aliphatic mercaptans readily 
condense with aldehydes and ketones forming mercaptals and mercaptoles 
respectively. 

It would appear from these experimental findings that pure proteins on 
hydrolysis would yield practically all their cysteine and cystine provided that 
these amino-acids were not decomposed during the rupture of the protein and 
peptide linkages, that no humins were formed, and that there were nothing 
present in the protein that would react with either cysteine or cystine. Part 
of the cysteine would be converted into cystine unless air were excluded. 

With relatively small amounts of carbohydrate present, such as might occur 
in the protein molecule, the loss of cystine originally present would be very 
small but the loss of cysteine might be very serious. Humins of strictly amino- 
acid origin, such as those formed from tryptophan and tyrosine, presumably 
carry cystine down just as do carbohydrate humins, but unless they specifically 
adsorb cystine the loss in this direction would be very slight. 

With relatively large amounts of carbohydrate present, the cystine loss can 
be very serious and the cysteine loss virtually complete. 

The error of estimating the cystine plus cysteine content of a material will 
therefore be the more serious the greater the proportion of the latter split off by 
hydrolysis. No safe method of oxidising the cysteine rapidly to cystine before it 
can react with carbohydrate decomposition products has been found. 

The practice of adding stannous chloride before hydrolysis to minimise 
humin formation not only fails to prevent a loss of cysteine but causes the loss 
of any cystine present by reducing it to cysteine. 
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If sufficient ferric salts or their precursors were present in a material they 
could destroy some of the cystine and most of the cysteine during hydrolysis. 
The salts of certain other heavy metals would also interfere badly. 


SUMMARY. . 
The fates of cysteine and cystine heated in hydrochloric acid solution, with 
and without the addition of various other materials, have been investigated. 
In,the presence of carbohydrates variable amounts of cysteine and cystine are 
lost, the loss of cysteine being far more serious than that of cystine. Even such 
mild oxidising agents as ferric chloride destroy cystine in acid solution. 
The dangers of acid hydrolysis as a means of getting the cysteine and cystine 
of some materials into solution for estimation are emphasised. The practice of 
adding stannous chloride to minimise humin formation is condemned. 
a 
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CXXXIV. THE DETERMINATION OF THE 
VITAMIN C VALUE OF ASCORBIC ACID. 


By KATHLEEN MARY KEY ann BARBARA 
GWYNNETH EMILY MORGAN. 
From the Pharmacological Laboratories of the 
Pharmaceutical Society of Great Britain. 


(Received May 31st, 1933.) 
RECENT work by Svirbely and Szent-Gyérgyi [1932; 1933] has shown that the 
substance originally supposed to be hexuronic acid and later renamed “ascorbic 
acid” [Haworth, Hirst and Reynolds, 1932; Cox, Hirst and Reynolds, 1932; 
Szent-Gyérgyi and Haworth, 1933; Hirst, Percival and Smith, 1933] has high 
antiscorbutic activity, a daily dose of 1 mg. being sufficient to protect young 
guinea-pigs from the onset of scurvy. Zilva [1932] and Harris et al. [1932] have 
examined samples of ascorbic acid which they received from Prof. Szent-Gyérgyi. 
Zilva showed that a daily dose of 1 mg. was sufficient to protect young guinea-pigs 
from scurvy for 55 days. Although his animals were beginning to lose weight at 





the end of the experiment, post mortem examination failed to reveal any signs of 
disease. Since, by definition, 0-1 cc. lemon juice contains | international unit of 


vitamin C and since 1-5 ce. lemon juice is generally accepted as the minimum dose 
which will afford complete protection from scurvy in all guinea-pigs, it may be 
concluded from Zilva’s results that 1 mg. ascorbic acid contains at least 15 inter- 
national units of vitamin C. Harris, Mills and Innes [1932] examined their sample 
of ascorbic acid from Prof. Szent-Gyérgyi by Hdjer’s method as described by Key 
and Elphick [1931] and also by a curative growth test. They showed that the 
antiscorbutic activity of 2 mg. ascorbic acid was equal to or slightly greater 
than that of 2 cc. orange juice. The potency of orange juice was found in this 
laboratory to be approximately 8—10 units vitamin C per cc. Assuming that the 
potency of Harris’s orange juice was equal to our average, then his ascorbic acid 


would contain 8-10 or slightly more units vitamin C per mg. This sample of 


ascorbic acid had been stored for some time and the authors suggest that some 
deterioration may have taken place. Later work by Birch, Harris and Ray [1933 
on ascorbic acid from different sources showed that 1 cc. orange juice was 
equivalent to 0-6 mg. ascorbic acid, from which the potency of the acid appears 
to be 13-16 units vitamin C per mg. It should be noted, however, that these 
calculations assume the constancy of the potency of orange juice, and it is 
easily conceivable that the results do not indicate differences in potency of 
different samples of ascorbic acid, but differences in potency of different samples 


of orange juice. 

We received a sample of ascorbic acid from Prof. Szent-Gyérgyi on January 
12th, 1933, and began its examination on January 18th. Three separate experi- 
ments were performed in order to determine its potency as accurately as possible. 
The technique was the modified Héjer’s method described by Key and Elphick 
{1931}. 
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Exp. 1. On January 16th, 1933, about 100 mg. ascorbic acid were removed 
from the stock and the tube containing the remainder of the sample was placed 
in a test-tube which was immediately exhausted, filled with nitrogen and sealed. 
Twelve small tubes were drawn out ready for sealing and 8 mg. ascorbic acid 
(from the 100 mg. portion) were transferred to each. These small tubes were 
immediately filled with nitrogen and sealed. They were stored at 0-5° until 
required. 

Zach day one tube containing 8 mg. ascorbic acid was opened, and its contents 
were dissolved in water so that 1 mg. acid was present in 4 cc. solution. Some 
guinea-pigs were given 0-15 mg. and others 0-3 mg. ascorbic acid daily. The 
doses were given from a graduated pipette as 0-6 and 1-2 cc. of solution re- 
spectively, double doses being given on Saturdays. 0-75 cc. fresh lemon juice 
(not decitrated) was tested simultaneously on another group of guinea-pigs. 
The degree of protection from scurvy afforded by each dose was estimated 
by reference to the scheme of Key and Elphick in which 0 represents no 
protection and 4 complete protection. Table I shows that 0-15 mg. ascorbic 
acid did not produce any measurable protection, but 0-3 mg. produced slight 
protection, the average figure for this dose being 0-9 and the corresponding 
abscissa 0-26 on the curve used in this laboratory relating response to dose of 
vitamin C. The results given by 0-75 cc. lemon juice were 1-6 for the average 
degree of protection and 0-88 for the corresponding abscissa. Thus the ratio of 
the antiscorbutic potencies of 0-3 mg. ascorbic acid and 0-75 cc. lemon juice 

0.26 
~ 0-88 
This result is lower than that obtained by other workers (see above). 

Exp. 2. Since the doses of ascorbic acid given in the last experiment gave 
very little protection from scurvy, a dose of 1 mg. daily was examined. 

The stock of ascorbic acid was re-opened on February 17th, 120 mg. were 
removed and the remainder was then sealed in a tube, filled with nitrogen 
as before. Ten tubes each containing 8 mg. acid and 2 tubes each containing 
16 mg. acid were prepared as in Exp. 1. The contents of 1 tube were dissolved in 
water each day so that 1 mg. was contained in 2-5 cc. solution (double strength 
on Saturdays). The dose of lemon juice tested simultaneously was 1-25 cc. daily. 

The average degree of protection produced by 1 mg. ascorbic acid was 1-9 
with 1-14 as the corresponding abscissa (see Te rble I) The average degree of 


protection produced by 1-25 cc. lemon juice was 3-2 with 2-30 as the corresponding 


= 0-3, or i mg. ascorbic acid contains approximately 7-5 units vitamin C. 


Table I. 


Corresponding 










Average abscissa on the Potency of ascorbic 
Degree of protection degree of curve relating ‘ 1 
Date of from scurvy shown by protection average degree ¢c 
beginning No. of each guinea-pig (scale fromscurvy of protection to len 
of experi- guinea- 0 for no protection to } for each dose of vitamin simultaneously 
ment Daily dose pigs for complete protection) dose C given inits per mg. 
Exp. 1 0-15 mg. ascorbic aci 5 050 1:0 05 1-0 0-6 0 * 
18. i. 33 0-3 mg. ascorbic ¢ 5 0-5 1-0 0-5 1-5 1-0 0-9 0-26 15 
0-75 cc. lemon juice 5 1-5 2-0 2-5 2-0 O 1-6 0-88 
E > 2 No dose 5 O- : . 5 1-0 0:5 1-0 0-7 0-08 
17. un. 33 1-0 mg. ascorbic acid 5 1:0 0-5 3-0 3-5 1-5 1-9 1-14 6-2 
1-25 ec. lemon juice 5 1-5 2-5 4-0 4-0 4-0 3-2 2-30 
Exp. 3 No dose 4 1-0 2-0 1-0 1-0 1-25 0-56 
30. ili. 33 0:75 mg. ascorbic acid 5 30 2 2-5 2-0 2-0 3-0 2-5 1-68 10). Average 
2-0 mg. ascorbic acid 5 1-0 4-0 4-0 4-0 4-0 1-0 3 Tf >85 
1-0 ce. lemon juice 5 1-0 0-5 4-0 3-5 3-5 3:1 2-21 


Average value for the potency of ascorbic acid from 3 experiments = 7-4 units per mg. 


* Dose too low—no measurable protection. 


65—2 





btained by 
ison with 
juice tested 
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abscissa. Thus the ratio of the potencies of 1 mg. ascorbic acid and 1-25 ce. 
1-14 
2-30 
This result, therefore, agrees quite well with that of Exp. 1. 

Exp. 3. In the last two experiments three doses of ascorbic acid had been 
examined, but none had produced complete protection from scurvy. In this 
experiment, therefore, a dose of 2 mg. daily was given to each of 5 guinea-pigs 
and this dose was found to be sufficient to protect all of them completely. At 
the same time 5 other guinea-pigs were each given 0-75 mg. ascorbic acid daily 
in order to obtain another point on the curve relating response to dose of acid. 

This test was begun on March 30th. Sealed tubes, each containing sufficient 
ascorbic acid for 1 day’s doses, were prepared as before. A daily dose of 1 ce. 
fresh lemon juice was tested simultaneously. The results showed that the ratio 

aaa: tcl — 1-68 
of the potencies of 0-75 mg. ascorbic acid and 1-0 cc. lemon juice = 55; = 0-76. 


emon juice 0-5, or 1 mg. ascorbic acid contains 6-2 units vitamin C. 


Thus 1 mg. ascorbic acid contains 10 units vitamin C. Also the ratio of the 
x = 1-4. Thus, 
1 mg. ascorbic acid contains 7 units vitamin C. This value may be lower than the 
true value since 2 mg. acid produced complete protection and possibly a lower 
dose would also have produced complete protection. From this experiment, the 
average value for the potency of the ascorbic acid is, therefore, at least 8-5 units 


potencies of 2 mg. ascorbic acid and 1-0 cc. lemon juice = 


>. 


vitamin C per mg. 
The results from all three experiments are shown in Table I. The average of 
all the values found for the potency of the ascorbic acid was 7-4 international 


units of vitamin C per mg. 


Curve of response to doses of ascorbic acid. 
The results were used in constructing the curve in Fig. 1 in which the average 
degree of protection produced by a dose of ascorbic acid was plotted against 


that dose. 
All the guinea-pigs were bred on the same farm. They were given bran, oats 
and green food ad lib. in the laboratory for at least 24 hours before receiving the 


scorbutic diet. 





4-- * 
> 
> 
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f 2 3 cc. orange juice 
Fig. 1. Curve of response to graded doses of ascorbic acid compared with curve of response to 
graded doses of orange juice. Continuous line: curve of response to graded doses of ascorbic 
l. Dotted lin ur f response to graded doses of orange juice. 


It was recognised that the condition of the animals or any number of un- 
known factors might be affecting the result so that one experiment could not 
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be directly compared with another, but it was obvious that increasing doses 
had on the whole produced increasing responses and it seemed probable that the 
short interval of 3 months between the beginning of Exp. 1 and the end of 
Exp. 3 had not appreciably changed the conditions. In Fig. 1 the best straight 
line was drawn through the points representing the four lowest doses of ascorbic 
acid. Since 2 mg. acid daily produced complete healing this point was not 
included when constructing the line. Its true value might be represented by 
some figure higher than 4 on the scale of protection. The fact that the points 
do. not lie very near to this line is probably largely accounted for by variations 
in the whole group of guinea-pigs from time to time. The curve in general use in 
these laboratories for- determining the relation between degree of protection 
and dose of vitamin C was constructed from the results of graded doses of 
orange juice, all tested at the same time. Fig. 1 shows that the curve for ascorbic 
acid is almost coincident with that for orange juice; thus probably the same 
factor has been measured in the two substances. 


Variations in the responses of guinea-pigs in different experiments. 


In Fig. 2 the doses of ascorbic acid and the doses of lemon juice were plotted 
against the average degree of protection for each dose and the points on the 
graph obtained in each experiment were joined by straight lines. In Exp. 2 all 


Exp. 3 
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Fig. 2. Variations in the response of guinea-pigs at different times. Exp. 1, Jan., 1933; 
Exp. 2, Feb., 1933; Exp. 3, April, 1933. 


the responses were higher than in Exp. | and in Exp. 3 they were still higher. 
As it is highly improbable that the ascorbic acid could increase in potency, these 
results seem to indicate either that the lemon juice of the different experiments 
has differed in potency, or that the sensitivity of the animals has differed in the 
different experiments. Both of these possibilities are contrary to Zilva’s ex- 
perience, who bases all his tests on the assumption that a given dose of lemon 
juice always produces the same result in his guinea-pigs, and therefore the 
guinea-pigs do not vary in sensitivity nor does lemon juice vary in potency. We 
shall not, however, attach great importance to our indications of the variations 
of lemon juice and guinea-pigs until we have collected sufficient data to work 
out the probable error of the test; without this information we should not be 
justified in drawing conclusions from relatively small numbers of animals and 
experiments. 
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DISCUSSION. 


On the assumption that lemon juice contains a constant amount of vitamin C 
the ascorbic acid used in the experiments described above appeared to have 
about one-half the antiscorbutic potency of most of the samples examined by 
other workers. It was possible that some of the activity of our sample had been 
lost during storage and at the end of the last experiment Mr J. C. Gage kindly 
carried out titrations with iodine to test this possibility. His results showed that 
the sample contained 97-3 %, ascorbic acid (C,H,O,). There could, therefore, 
have been very little oxidation of the sample. That there was no loss of anti- 
scorbutic potency was also shown by the fact that the results obtained by direct 
comparison with lemon juice showed no decrease in activity of the acid from the 
first to the third experiment. It is interesting to note that our results are in 
agreement with those first published by Harris et al. [1932] when they examined 
the sample of ascorbic acid which they had received from Prof. Szent-Gyérgyi. 
As already stated, their figure for the antiscorbutic potency of the acid would 
be about 8-10 units per mg. The average result from our experiments is 7-4 units 
per mg., which is in good agreement with Harris's figure. Harris et al. suggested 
that some deterioration had taken place in their sample during storage because 
apparently it had less activity than Szent-Gyérgyi had thought. So far as we 
know, no direct comparison has been made between Szent-Gyérgyi’s sample and 
any other sample of ascorbic acid. 

The experiments here described indicate that the ascorbic acid stored in a 
nitrogen-filled tube at 0-5° had not lost activity during the 3 months which elapsed 
from the beginning of the first to the end of the third experiment. It would be 
necessary, however, to examine its stability over a much longer period before 
this substance could be recommended for adoption as a standard of reference for 
the estimation of vitamin C. The ease with which it can be handled and dissolved 
in water and the readiness with which the animals take the solution are factors 
in favour of its use as a standard if its stability can be established. 


SUMMARY. 


A sample of ascorbic acid from Prof. Szent-Gyérgyi was examined for its 
antiscorbutic potency and found to contain 7-4 international units of vitamin C 
per mg. This is approximately one-half the activity claimed by Prof. Szent- 
Gyorgyi, if it is assumed that lemon juice has a constant potency. There is no 
conclusive evidence that it has, and we think it more likely that the variation 
occurred in the lemon juice than in the ascorbic acid. 

Five different doses ranging from 0-15 to 2-0 mg. were tested at three different 
times. The curve of response to the doses was found to be almost identical with 
the curve of response to graded doses of orange juice drawn up in this laboratory 
about 2 years ago. 

That guinea-pigs change from time to time in sensitiveness was shown by 
the fact that the curve of response was in a slightly different position for each 
experiment. Therefore, it is necessary to use a dose of some standard in every 
experiment. 

Certain results indicated that there may be a variation in the vitamin C 
potency of lemon juice, showing that lemon juice may not be a satisfactory 


standard of reference. 
An interval of 3 months between tests is obviously not great enough to allow 
conclusions to be drawn as to the stability of ascorbic acid, but certainly no loss 
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of potency was detected in the sample of ascorbic acid with which we worked 
during that period. The evidence supports the suggestion of Birch, Harris and 
Ray [1933] that ascorbic acid is a better standard for vitamin C than lemon 
juice. 
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dl-2-THIOLHISTIDINE [Harington and Overhoff, 1933] has proved somewhat 
intractable to electrometric investigation. Its behaviour however has been 
ascertained as far as was possible without very comprehensive investigation. In 
spite of an unsatisfactory individual definition of points, a general concordance 
of three separate titrations in each direction has nevertheless been obtained. 
Data are depicted in Table 1 and Fig. 1 A. 


Table I. Calculation of titration constants. 


dl-2-Thiolhistidine approx. 0-03 M. 0-0995 M HCl. 0-1012 7 NaOH. 25°. Italicised figures 


represent a fresh electrode. 


Sat. Titre Corr. Titre Corr. 
Estimated KC] HCl titre ‘Estimated NaOH titre 
Pu cc. cc, cc, Po, Pu ec. cc, Pe 
(a) Indigo electrode. 0-0504 g. in 10 ce. (c) H, electrode. 0-0590 g. 
1 ec. 0-01 M indigo carmine. in 10 ce. 
4-711 0 0 4.734 0 
3-460 0-01 0-1] 0-06 1-82 7-236 0-31 0-23 8-34 
3-107 0-01 0-25 0-145 1-86 7-549 0-50 0-42 8-36 
2-868 0-01 0-40 0-23 1-84 7:934 0-80 0-72 8-46 
2-695 0-02 0-59 0-33 1-84 8-258 1-31 1-23 8-45 
2-556 0-02 0-80 0-435 1-84 8-650 1-99 1-905 8-47 
2-449 0-02 1-00 0-53 1-84 8-983 2-49 2-395 8-48 
2-32 0-03 1-31 0-665 1-84 9-239 2-80 2-695 8°47 
2-229 0-03 1-61 0-785 1-84 9-480 3-00 2-88 8-45 
3.19 > 9 .99 P ‘8 9.17) 
2-125 0-03 2-00 0-92 1-84 (Equiv. 3-15) 
1-928 0-04 3-00 1-15 1-80 
. . . 0-163 3-40 0-2 3 
(Equiv. = 2-69) 10-163 3-4 21 A 31 
10-570 3°69 0-43 11-37 
: . : 10-822 3-99 0-67 11-39 
(6) H, electrode. 0-0602 ¢. 0 _ 

; Jie 02 g. in 10 cc. 11-095 1-49 1-06 11/39 
3°508 0-02 0-10 0-07 1-86 11-298 5-00 1-435 11-38 
3°239 0-02 0-20 0-14 1-89 11-456 5-51 1-78 11-35 
2-967 0-03 0-35 0-23 1-85 
2-728 0-045 0-55 0-335 1-79 (d) H, electrode. 0-0372 g¢. in 10 ce. 
2-585 0-06 0-75 0- -78 = 
acaks ; i < 78 7-209 0-16 0-10 8-48 
2-419 0-06 1-0] 0-545 1-73 7.49] 0-95 0-19 8-47 

gE YS -- 4 4 "Leo . ori 
2-150 0-075 2-01 1-05: 1-84 ae = ~ 
ae ae as 7-771 0-40 0-34 8-45 

(Equiv. =3-22) 8-092 0-65 0:59 8-46 

8-424 0-98 0-92 8-48 

8-716 1-31 1-245 8-49 

9-479 1-89 1-805 8-47 


(Equiv. = 1-98) 
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It is seen that the relation of these constants to the molecular structure of 
thiolhistidine is obscure, since the molecule has four dissociable groups whereas 
only three constants have been detected. This means that, since the material 
has py about 5 in pure aqueous solution, the molecule must be either a di- 
zwitterion with basic groups at p,- 8-5 and 11-4 and with —COOH and —SH 
groups both strong acids (one being undetectable), or else it is a simple zwitterion 
with the cyclic nitrogen undetectable. 
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Fig. 1. Titration of 0-03 M dl-2-thiolhistidine. 25°. A. py titration. B. Effect of acetone. 
Calculated titre, corrected ——. Hydrogen electrode data O. 
Calculated titre, uncorrected ...... P Indigo carmine electrode data 


Titration curve of histidine HCl - - - -. 


Differentiation was made by addition of acetone to thiolhistidine solutions of 
appropriate degrees of neutralisation (Fig. 1 B). Groups 1 and 3, having their 
apparent p,, elevated by acetone addition are acid groups; group 2 is a basic 
group. Thus it is the cyclic basic group which is missing (it is interesting to note 
that calculation in very acid solution shows defective requirements of HCl 
rather than the reverse). Consequently, the allocation of constants to the 
separate groups of thiolhistidine (Table II) is analogous to that of cysteine 
and tyrosine and exhibits no direct relation to histidine or other basic amino- 


acids. 
Table II. Dissociation constants at 25°. 
Mol. Cyclic 
cone. COOH N NH, SH Reference 
dl-2-Thiolhistidine 0-03 1:84 <1-5 8-47 11-4 This paper 
Cysteine 0-02 1-96 8-18 10-28 Cannan and Knight [1927 
Histidine 0-1 1-77 6-10 9-18 Greenstein [1931] 


EXPERIMENTAL. 

Experimental and mathematical procedure was the same as for 6-hydroxy- 
glutamic acid [Harington and Randall, 1931, Note]. Standardisation was effected 
however against 0-05 M potassium hydrogen phthalate of ascertained purity. 
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In both cases, junction was through a capillary goose-neck, widened to a cup of 
about 1 mm. diameter at the tip. In measurements at p, extremes, occasional 
flushing with minute measured amounts of saturated KCl ensured a relatively 
sharp contact surface. 

Recrystallised dl-2-thiolhistidine was dissolved in 10 cc. hot water under 
nitrogen. Solutions were about 0-03 M@ and may have been supersaturated 
[Ashley and Harington, 1930]; precipitation did not occur however during any 
recorded titration. After hydrogen saturation, junction was made and freshly 
plated electrodes immersed. It was found invariably that initial potentials after 
establishment underwent a slow hyperbolic drift, producing a decrease of as 
much as 5 mv. in 30 to 40 mins. Fresh electrodes registered the original potential. 
Duplicate electrodes immersed together might remain in disagreement by some 
tenths of a millivolt, and observed potentials might be unsteady by the same 
amount. The situation was unaltered by varying the depth of active electrode 
coating, or by pre-saturation with hydrogen before immersion. Deteriorated 
electrodes registered a correct potential in potassium hydrogen phthalate. As 
this behaviour was suggestive of the presence of the oxidant of an O/R system, 
all precautions against fortuitous oxidation of the material were observed. It 
is, however, doubtful whether thiolhistidine on oxidation would form a thermo- 
dynamically reversible O/R system capable of interference. 

In a trial O/R experiment in 0-0025 M solution at py 7, gold-plated and 
bright platinum electrodes registered vague potentials about 0-5 v. positive to 
the hydrogen electrode, but fortuitous variations between individual electrodes 
amounting to 0-03 v. occurred. Addition of 0-02.N ferricyanide or quinone as 
oxidising agent produced initially the more positive potentials characteristic 
of these agents, followed by moderately rapid negative drifts as interaction 
proceeded. Distinctively different behaviour with iodine was suggestive of 
molecular substitution, since each addition merely produced a gradual positive 
drift without stepwise potential change, and no starch colour or iodine potential 
was given after even three equivalents. There would seem to be little apparent 
reason why direct p,, determinations should be less straightforward than those 
for cysteine [Cannan and Knight, 1927]. 

Titration at the quinhydrone electrode as an alternative to the hydrogen 
electrode is rendered invalid by the reactivity of quinone. The more negative 
1 :5-anthraquinonedisulphonate was tried but found to be insufficiently facile 


in reversibility. Finally, an indigo carmine electrode was used. Potentials of 


thiolhistidine solutions at this electrode were entirely satisfactory and stable. 
Standardisation was rendered difficult however by large concentration and salt 
errors. The actual electrode adopted was an approximately half-reduced 0-001 J/ 
indigo carmine solution standardised electrometrically against 0-01 WM potassium 
hydrogen phthalate. Duplicate gold-plated electrodes were used and gave 
perfect agreement. During titration, the indigo concentration was maintained 
fairly constant, intermediate values being corrected by interpolation. A 50% 
dilution of indigo, in either acid or alkaline solution, was found to involve a 
potential change of the order + 2-5mv. Unfortunately, the electrode became 
subject to extensive negative drifts from py, 7-5 onwards, but within this range 
general confirmation of hydrogen electrode measurements was obtained. That 


the drift was due to loss of oxidant was confirmed by a positive change of 


potential occurring upon further addition of half-reduced solution. In general 
therefore, it was necessary to use a hydrogen electrode, occasionally replated, 


and aged in solution for about 20 mins. In calculation, allowance has been made 
for some 0-03 equivalent of material titratable between py 3-5 and 7, though 
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the possibility is not ruled out that this is an artefact due to electrode peculiarity. 
For thiolhistidine the titration constant pg is identical with the dissociation 
constant pr. 

SUMMARY. 


Dissociation constants of dl-2-thiolhistidine have been reasonably well 
substantiated at px, 1-84, pg, 8-47, px, 11-4, corresponding respectively to 
the —COOH, —NH,, and —SH groups of the amino-acid. 

.No evidence of the basic dissociation of a cyclic nitrogen atom has been 
found. 

As might be anticipated, the pure amino-acid does not form a readily 
reversible oxidation-reduction system. 


The author is greatly indebted to Prof. Harington for the gift of synthetic 
dl-2-thiolhistidine, and to the Department of Scientific and Industrial Research 
for a research grant. 
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DILUTE SOLUTIONS. 
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Most of the recorded investigations on the fermentation of sugar solutions by 
the yeast cell involve the use of a relatively small initial seeding yeast rate and a 
large amount of sugar. The converse of this, viz. a high seeding rate acting on 
very dilute sugar solutions, has received less attention, and but little is known 
as to the rate at which sugar disappears under such conditions. The subject 
presents many points of interest, and a study of it should throw some light on 
the mechanism of fermentation in its initial stages. Somogyi [1926-27] in the 
course of some work on the estimation of ‘‘true sugar’”’ in blood, urine, etc., 
considered that a protein and a protein precipitant were necessary factors in 
the removal of sugar by yeast from such fluids. Later, however [1928], he 
apparently modified his ideas and reverted to the older practice of fermenting 
the de-proteinised filtrates. 

Preliminary experiments showed that dextrose and maltose were completely 
removed from 150 cc. of a 0-2 % aqueous solution of these sugars by exposing 
them for 30 minutes to the action of 30 g. of pressed brewer’s yeast. This is 
equivalent to a yeast rate of 100 g. of yeast per g. of sugar. Under similar 
conditions of working sucrose and invert sugar were removed to a slightly less 


degree, whilst lactose, galactose and arabinose were unaffected. Subsequently, 
the experimental methods employed by us were as follows. 

Approximately 0-2 °% solutions of the sugars used were prepared, and 150 cc. 
of these were well stirred up with the quantity of washed yeast required to give 
the desired yeast rate. The suspension was kept at 15-5° with frequent stirring 
for the required time, the whole was then centrifuged, and the supernatant 
liquid filtered and titrated with Fehling’s solution. From the difference between 
the sugar concentration so found and that in the original solution is calculated 


the amount of sugar removed by the yeast. 
The following results were obtained with dextrose, sucrose and maltose, the 
time and yeast rate being arranged so as to permit of the removal of only a 


portion of these sugars. 
Table I. ' 

‘ Calculated 
weight of 
sugar lost 

gc. of yeast Time of per 100 g. 

Sugar per per g. action in °% of sugar of yeast 

Sugar 100 ce. g. of sugar minutes removed per hour 
Glucose 0-1946 33°3 30 51 3°06 
0-1946 66-6 10 32-9 2-96 
Sucrose 0-1987 3o°3 30 53°8 3°23 
0-1987 66-6 10 32 2-88 
Maltos 0-199 33°3 30 50 3-00 


0-199 66-6 10 30 2-70 
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It will be seen from the figures in the right-hand column that under the 
experimental conditions employed (1) the capacity of yeast to remove up to 
50 % of the three sugars is approximately equal, and (2) that such removal is 
proportional both to time and yeast rate or, in other words, that time and yeast 
rate are interchangeable factors in controlling the degree of sugar removal. 

If the time and yeast rate used result in a re moval of more than half the 
sugar this relationship no longer holds, as the following example shows: 


Table II. Sucrose 0-2 °/, solution. 


Calculated weight 
of sugar lost per 


g. of yeast Time in Percentage of 10 g. of yeast 

per g. of sugar minutes sugar removed per hour 
33°3 10 16-5 A 2-97 
33°3 30 46-2 B 2-77 
33°3 60 76-7 C 2-30 
66-6 10 33-2 A 3-00 
66-6 30 76-7 C 2-30 
66-6 60 90-6 1-36 
99-9 10 45-6 B 2-74 
99-9 30 87-6 l- = 
99-9 60 99-0 1-( 


The interchangeability of yeast rate and time is well shown in the figures 
marked A, and B above, but the departure from the linear relationship becomes 
more marked as complete removal of the sugar is approached (C). 

In the course of this work it soon became evident that samples of yeast 
collected from day to day for use in brewery fermentations varied conside rably 
in their capacity for removing sugar under our conditions of experiment. Some 
of the possible factors which might give rise to these variations such as age, 
washing, exposure to air and inert gases efc., were studied, but so far we have 
been unable to elucidate the causes. 

A measure of this variability can be made by testing the yeast with a solution 
of maltose (0-2 %) under defined conditions of yeast rate (33 °%) and time 
(30 minutes). This as a rule removes about 50 % of the maltose, but from the 
results of working with many samples of yeast, it was found that the figure 
may rise to 70 or fall to 20 %. 

It will be noted that the loss of sugar arising from the apn of yeast under 
the conditions described has been refe rred to as “‘removal””? as it see ms unlikely 
that true fermentation (entailing the formation of CO, and alcohol) can have 
taken place in so short a time even with the high yeast rates employed when 
bearing in mind the period required for the “lag phase” which occurs with 
normal seeding rates. A reference to Table II shows for instance that nearly 
50 % of the sucrose present disappeared from a 0-2 % solution in 10 minutes 
when using a yeast rate of 100. This means the loss of 0-15 g. of sugar equivalent 
to the formation of 0-07 g. of CO, (37 cc. at 15° and 760 mm.). 

If a production of CO, of this order actually occurs it should readily be 
observable by carrying out the reaction in a closed vessel fitted with a narrow- 
bored U-tube manometer containing water, and noting the rise in the open limb 
after shaking from time to time. This was in fact done and the rise in mm. read 
off and plotted. The curve so obtained is linear and regular between the periods 
of 10 and 35 minutes—the time at which the experiment was stopped. It is of 
course necessary to carry out a control digestion using water in place of maltose 


1 Somogyi terms it “adsorption.” 
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solution to allow of a correction being made for the CO, produced as a result of 
the intracellular respiration of the yeast. The gas so liberated amounted to 25 % 
of the total obtained in the yeast-maltose digest. When lactose was similarly 
tested, a rise of a few mm. only was obtained (after deducting the respiration 
control) and the solution showed no loss of sugar even after 3 hours when tested 
with Fehling’s solution. There would thus seem to be little doubt that fermen- 
tation is the real cause for the removal of sugar, the more so as our experiments 
show that only “fermentable” sugars are in fact removed. 

The employment of toluene in the digest should throw light on this question, 
as fermentation should be impossible in its presence, but as the figures in 
Table IIT show, the removal of sugar is much reduced but not entirely stopped 


Table III. Action of antiseptics. 


% of 
Sugar 0-2 © Antiseptic Concentration Yeast sugar 
solution used of antiseptic rate Time removed 
Maltos Nil 33 30 min. 50 
- 33 24 hr. 100 
Toluene Sat. aq. 33 30 min. 13 
33 24 hr. Dextrose 
formed 
Salicylic acid 0-1 °%% aq. 33 20 min. + 
9 33 24 hr. 3 
Alcohol 12 %, by vol. 33 30 min. 26 
33 24 hr. 100 
in the first 30 minutes. If the digestion period is prolonged, dextrose is formed 


as the result of the action of yeast maltase on the maltose solution as shown by 
the titration; the preparation of glucosazone confirms this. Salicylic acid (0-1 % 
solution) however arrests fermentation completely, while 12 °% (by vol.) alcohol 
weakens the yeast in the earlier stages, but does not prevent the entire removal 
of sugar in 24 hours. 

It would appear probable therefore that toluene in saturated aqueous 
solution is not capable of entirely stopping fermentation, and the belief of many 
workers that it does so needs revision. 


Behaviour of 8S. marxianus towards sugars. 


This yeast, though capable of fermenting dextrose, is unable to ferment 
maltose, presumably owing to the absence of the maltose-hydrolysing enzyme, 
maltase, from its cells, and its action towards maltose under the conditions 
described should therefore be of interest. If it succeeded in ‘‘removing’’ maltose 
from solution, some action other than fermentation must be the cause, as for 
example adsorption on the surface of the yeast cell, or entry into the cell followed 
by the formation of a non-diffusible complex therein, while if it behaves as 
S. cerevisiae does to lactose (7.e. is without action), it becomes increasingly 
probable that fermentation is the cause of maltose removal by S. cerevisiae. 
Some S. marxianus was grown in bulk to test its action and it was found to be 
incapable of removing any maltose from solution under conditions which 
allowed of a 50 °% removal of the sugar by S. cerevisiae. 


The work described up to this point has been done with fresh brewery yeast, 
washed with tap-water and filter-pumped to a moisture content of 76-78 %. 
It seemed of interest to see if baker’s yeast behaved similarly. It was found that 
while dextrose and sucrose are readily removed by this yeast only 5-15 % of 
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maltose disappeared under conditions which caused the loss of 50 °/ or more 
when brewer's yeast was employed. This result would suggest that baker’s 
yeast is deficient in maltase, without which maltose cannot be hydrolysed to 
dextrose and so rendered fermentable (cf. S. marxianus and S. exiguus). It is 
difficult to reconcile this idea with the fact that baker’s veast undoubtedly 
ferments maltose formed from the action of the amylase of flour on wheat 
starch in the dough during bread making. The total gas yielded at this stage is 
much in excess of that due to the small amounts of sucrose and invert sugar al- 
ready present in the flour. When brewer’s yeast was kept together with toluene 
and maltose (see Table ITI) for 24 hours, dextrose in abundance was found in the 
digest owing to the action of the yeast-maltase. Baker’s yeast when similarly 
tested, failed to produce dextrose and this appears to confirm the suggestion 
that its failure to remove maltose from solution under the standardised con- 
ditions is related to the deficiency of maltase. It is, however, possible that varia- 
tion such as those met with in brewer’s yeast may also be found with baker’s 
veast. 


SUMMARY. 


1. Conditions for the removal of dextrose, sucrose, invert sugar and maltose 
from dilute solutions are described. When conditions are arranged so as to limit 
the loss of sugar, time and yeast rate were found to be interchangeable factors in 
controlling the degree of such loss. 

2. Experimental evidence is adduced showing that the removal of sugar in 
such short periods of time is due, not to adsorption, but to fermentation. 

3. The behaviour of S. marxianus and baker’s yeast towards sugars was 
investigated; the latter yeast, which resembles brewer’s yeast in its behaviour 
to dextrose, has but little action on maltose under the conditions described. 
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CXXXVII. THE POTENTIALS OF 
ASCORBIC ACID. 
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THE remarkable reducing properties of ascorbic acid (vitamin C) suggest the 
possibility that it may function as a reversible oxidation-reduction catalyst in 
cellular respiration. The reduction potentials have therefore been subjected to 
experimental analysis. 

Szent-Gyérgyi [1928], who first isolated and identified ascorbic acid, observed 
that solutions of the acid exerted negative potentials at a gold electrode. 
Georgescu [1932] titrated ascorbic acid with ferricyanide and obtained the 
typical S-shaped curve for reversible systems. However, little stress can be laid 
upon this work in that the author failed to present evidence of (1) the purity 
of his ascorbic acid preparation, (2) the suitability of his apparatus of unique 
design and principle for potentiometric measurements, and (3) the reproducibility 
of the observed potentials. Karrer, Schwarzenbach and Schépp [1933], working 
with chemically pure ascorbic acid, reinvestigated the reduction potentials. They 
failed to obtain an S-shaped titration curve. They concluded that the oxidised 
form of ascorbic acid did not affect the electrode. They also studied the variation 
of the potential with change in p,,. Unfortunately the scantiness of experi- 
mental details included in their paper does not permit a critical evaluation of 
the accuracy of their measurements. Their potentials were much more positive 
than those obtained by the present author in some preliminary experiments. 
The indications are strong that all traces of oxygen were not completely removed 
from their titrating vessel. 

When this paper was being submitted for publication, a note appeared by 
Laki [1933] dealing with the potentials of ascorbic acid. He confirmed the 


inactivity of oxidised acid at the electrode and noted further the variation of 


potential with change in the concentration of reduced ascorbic acid. Here again, 
the omission of details of experimental technique makes it difficult to analyse 
his results. No mention is made whether the observed potential differences refer 
to the normal hydrogen electrode or to the reference calomel electrode. 


Methods. 


The gases were freed from all traces of oxygen by being passed through a 
combustion tube 30 em. in length, heated electrically to 500-600° and tightly 
packed with palladised copper turnings. The gases were conducted to the titration 
vessel through coils of thin, flexible copper tubing. Glass-copper contacts were 
made with pressure rubber tubing, protected with a mercury seal (see Fig. 1). 

Titration cell, reference electrode and a test-tube were all mounted firmly on 
a board which could be raised or lowered by a pulley arrangement. The cell 
consisted of a vessel of 50 cc. capacity with a rubber bung to fit tightly. Seven 
holes in the bung permitted a gas inlet and outlet, an agar bridge, a micro- 
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burette and three electrodes, platinised platinum, blank platinum and blank 
gold respectively. A decinormal calomel electrode was used as the reference 
electrode. It was standardised at frequent intervals against a sodium acetate 
quinhydrone half-cell. 





Copper 
— spiral 


H 


The movable board could be lowered into an oil-bath maintained at 30 
+ 0-01° by thermostatic control. A motor-driven stirrer ensured thorough 
mixing of the oil. 

A student’s potentiometer together with a wall galvanometer were used for 
measuring potentials. The resistance of the galvanometer was 2000 ohms. 
Readings could be made accurately to 0-2 mv. 

The following procedure was employed in a titration experiment. The 
oxidising agent was suitably diluted with buffer solution, de-aerated with a 
stream of pure hydrogen and then sucked up into the burette. 20 cc. of the same 
buffer were placed in the titration vessel and completely de-aerated. A glass 
dise with curled edges, bearing a few mg. of ascorbic acid, was dropped into the 
titration vessel and its contents were thereby spilled into the buffer fluid. The 
titration vessel and reference electrode were lowered into the oil-bath. With 
hydrogen bubbling through, the initial p,, was recorded. The gas lead was 
switched to the nitrogen for the rest of the experiment. 

The ascorbic acid was kindly supplied by Dr L. J. Harris. The purity of 
the preparation was attested by the theoretical figures for iodine titration, 
neutralisation equivalent and carbon-hydrogen analysis. 


EXPERIMENTAL. 
Potential drifts. 

At least 2 hours were required for the potential to reach a steady value after 
the gas lead was switched from the hydrogen to the nitrogen. The potentials 
were very weakly maintained and were easily upset by drawing current for a 
few seconds. The blank gold and platinum electrodes agreed to 1 mv. when the 
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equilibrium value was reached. Addition of oxidising agent caused an immediate 
shift of several hundred mv. to more positive potentials. In about 1 hour’s 
time, the potentials returned to the original level. The criterion for equilibrium 
was the constancy of the potentials to a few mv. over a period of 30 minutes. 


Titration curve. 


A 0-001 MW solution of ascorbic acid was titrated with a 0-002 N solution of 
potassium ferricyanide at p,, 7-08. The completely reduced solution gave an 
E,, of — 0-054 v. Addition of oxidising agent resulted in no change of the potential 
provided equilibrium was allowed to be reached. When about 95 % of the 
ascorbic acid was oxidised the potential rose to — 0-020 v.; further addition 
caused the potential to reach the positive range of the oxidant. The same type 
of result was obtained at p,, 3, 4, 5, 6 and 8, using a variety of oxidising agents, 
viz. phenolindophenol, quinone, 2: 6-dichlorophenolindophenol and o-cresolindo- 
phenol. It seemed clear that the potentials of ascorbic acid solutions depended 
uniquely upon the reductant. The oxidant apparently was not in equilibrium 
with the reductant at the electrode surface. 


Effect of the concentration of reductant. 


From the individual titration experiment it also followed that the potential 
of ascorbic acid solutions did not depend upon the absolute concentration of 
reductant, for if that were so there should have been a gradual falling off of the 
potential with each addition of oxidising agent. To check this point the following 
experiment was performed. A 0-001 MW solution of ascorbic acid at py, 3-80 
recorded an HE, of + 0-163 v. Enough ascorbic acid was added to make the 
solution 0-01 M. The potential remained at exactly the same value when 
equilibrium was reached. 


Re producibility of pote ntials. 

For a given p,,, the potentials reached in different experiments agreed to 
within 5 mv. The drifting nature and ease of polarisability of the potentials 
made it exceedingly difficult to attain greater accuracy. 

Variation of potential with py. 


In Table I are recorded the #,, values for different degrees of acidity and 
alkalinity. These values represent the means of several experiments. Below 
Py 3 and above p,;, 8, the variation of potential with py, is not linear. Within 


Table I. 


0-001 JJ ascorbic acid at 30°. 


Pu E, in volts E, in volts rey 
8-54 Q)- 122 

7-45 0-067 0-380 12-7 
7-08 0-054 0-371 12-4 
6-66 0-022 0-378 12-6 
5-96 0-013 0-37 12-4 
1-30 0-116 0-374 12-5 
3°74 0-153 0-377 12-5 
2-74 0-308 


Mean £,+0-375 ry 12-5 
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this restricted range, however, the following equation approximately expresses 
the relation of the two variables at 30°. 

E, = 0-375 — 0-060 Pu . 


Colorimetric results. 


From the potential measurements, it follows that all the indicators of the 
Clark series down to indigo tetrasulphonate should be reduced by ascorbic acid 
solutions. The experiment was carried out in Thunberg tubes. To insure the 
complete removal of all traces of oxygen the tubes were exhausted and filled 
with purified nitrogen. This process was repeated three times. In Table II are 
recorded the results for the reduction of 0-0001 W solutions of Clark indicators 
by 0-01 M solutions of ascorbic acid at py, 7-0 and 30°. 


Table IT. 


0-01 M ascorbic acid at 30° and py 7-0. 


Ey at py 7-0 


Indicator in volts Result 

(1) 2: 6-Dibromophenolindophenol +0-217 Completely reduced 
(2) Cresyl blue +0-032 
(3) Methylene blue +0-011 
(4) Indigo tetrasulphonate — 0-046 za 
(5) Indigo trisulphonate — 0-081 50 °% reduced 
(6) Indigo carmine — 0-125 No reduction 
(7) Nile blue — 0-142 
(8) Cresy! violet — 0-167 
(9) Janus green (pink to colourless) — 0-258 

Colorimetric ry 11-3. Potentiometric ry 12-5. 


It is indeed very surprising to note that the colorimetric potential is about 
40 mv. more negative than the potentiometric value. This discrepancy between 
the results of the two methods is not unusual for irreversible systems, like 
giutathione for example. From the potential measurements, indigo tetra- 
sulphonate should be half reduced and indigo trisulphonate not reduced at all. 
Actually indigo tetrasulphonate was completely reduced and indigo trisulphonate 
reduced to the extent of 50 %. 


Potentials of lemon juice. 


The relatively high concentration of ascorbic acid in lemon juice and the 
relatively low concentration of interfering substances such as phenols, sugars, efc., 
permit the study of ascorbic acid in a natural biological medium. 5 cc. decitrated 
lemon juice were added to 15 ce. of M//5 phosphate buffer. The initial p,, was 5-96. 
From the data of Table I it followed that the #, should be + 0-013 v. + 0-003. 
Actually the equilibrium potential was + 0-010 v. 


DISCUSSION. 


It is becoming abundantly clear that the reducing substances of biological 
importance rarely answer the description of reversible systems. Cysteine and 
glutathione were shown by Dixon and Quastel [1923] to form irreversible 
systems. The haemin compounds investigated by Conant and his co-workers 
[1925; 1928] likewise exhibit anomalous behaviour and are in no way com- 
parable with systems of the type methylene blue-methylene white. Whether 
the so-called irreversible systems may lend themselves to precise formulation 
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is still uncertain. At any rate, the classic equations do not permit any extension 
to these cases. 

A rather interesting biological problem develops from the reducing properties 
of ascorbic acid. The colorimetric studies presented in this paper show that 
ascorbic acid can reduce indicators which lie below the aerobic reducing level of 
cells [approximately r,, 14, see Chambers, Beck and Green, 1933]. Yet ascorbic 
acid is always found in the reduced state in tissues and plant fluids. Further, 
ascorbic acid is very rapidly oxidised by atmospheric oxygen in an irreversible 
way. Its persistence in the reduced state proves very puzzling indeed. Three 
possibilities present themselves: (1) there is present some stabiliser which cuts 
down the autoxidation of ascorbic acid to a negligible rate; (2) some dehydro- 
genase system can reduce oxidised ascorbic acid more rapidly than reduced 
ascorbic acid can autoxidise; and (3) the production of ascorbic acid goes on 
continuously at a rate comparable with the rate of irreversible oxidation. There 
is some evidence that the first explanation is correct. 

A coinparison of the potentials of glutathione and ascorbic acid brings out 
interesting differences in the type of irreversibility. The potentials of glutathione, 
like those of ascorbic acid, do not depend upon the concentration of oxidant. 
Addition of oxidant to a solution of reductant is without effect on the final 
potential. However, the potentials of glutathione, unlike those of ascorbic acid, 
depend upon the absolute concentration of reductant. A tenfold increase in 
concentration makes the potential more negative by 60 mv. for a constant py 
value. In the case of ascorbic acid, the potentials are independent of the absolute 
concentration of reductant. Lastly, the colorimetric measure of glutathione 
potentials is more positive than the potentiometric measure. The reverse is true 
for ascorbic acid. 

SUMMARY. 

The potentials of ascorbic acid have been shown to be drifting and easily 
polarisable. The potential for a given p,, is a function only of the reductant and 
not of the oxidant. The molar strength of reductant is likewise not a deter- 
mining factor. The same potential for a given p,, is reached regardless of the 
absolute concentration of reductant. The variation of £, with p,,; has been studied, 
and an empirical equation assigned to express approximately the relation of 
the variables between p,, 3 and 8. The presence of ascorbic acid in lemon juice 
was confirmed by potential measurements. 


I wish to express my gratitude to Dr Malcolm Dixon for his advice in the 
construction of the apparatus, and to Dr L. J. Harris and the members of his 
staff for their interest and suggestions. 
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THE toxic action on the infected host of substances derived from the tubercle 
bacillus is associated in most cases with proteins or products of their degradation. 
Particularly is this true of tuberculin preparations, whether derived from the 
bacilli or from media on which the bacilli have been grown. Examination of 
these toxic substances clearly demands a preliminary investigation into the 
native proteins of the tubercle bacillus, since one of these proteins is almost 
certainly responsible for the sensitisation of the host towards the allergic-like 
activity of tuberculins of low antigenic power. 

The isolation of proteins from the tubercle bacillus without the use of 
drastic reagents is rendered difficult by the resistant nature of the waxy envelope 
of the bacillus; this protects the living protein from reagents such as dilute 
sulphuric acid and is not easily ruptured by grinding. Solvents which would 
dissolve the wax would almost certainly cause partial denaturation of the protein 
under ordinary conditions. Coghill [1926] dried tubercle bacilli below 50°, 
ground the dried bacilli in a ball-mill, defatted at room temperature with 
ether, and extracted the protein with water, saline and alkalis. The extracted 
material was suhsequently coagulated with acetic acid. No claim was made 
that this preparation resembled closely the material of the original bacillus. 
Later Johnson and his co-workers [1927; 1928] concluded that defatting with 
solvents other than ether, heating at 100°, or autoclaving considerably reduced 
the yield of soluble proteins. Methods calculated to cause less alteration in 
the bacillary protein were employed by Heidelberger and Menzel [1932] who 
isolated the proteins of B. phlei and later [1933] of the tubercle bacillus by 
drying the frozen bacilli, defatting with ether and acetone in the cold and 
grinding in a ball-mill. 

The process used in the present work was essentially that devised by Hardy 
and Gardiner [1910] for the preparation of fat-free undenatured proteins. An 
ice-cold suspension of the living bacilli, grown on synthetic medium, was treated 
with a large excess of absolute alcohol at — 10°, which was replaced by mixtures 
of alcohol and ether containing increasing proportions of ether until a suspension 
of the organisms in anhydrous ether was obtained; the whole of this treatment 
being carried out at — 3°. The suspension was then filtered into Soxhlet thimbles 
and exhaustively extracted with ether. The bacilli were dried in a vacuum, 
ground in a ball-mill and extracted with water. Microscopical examination of 
the bacillary dust! after grinding showed it to be completely non-acid-fast. 


1 Since the bacillary dust, although containing no living organisms, produces severe reactions 
if breathed in minute quantities, special precautions are necessary, and were adopted, in handling 


the material. 
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Saturation of the aqueous extract with ammonium sulphate produced a 
thick curd of protein which was then separated into globulin and albumin 
fractions by precipitation of an aqueous solution by half and complete saturation 
with ammonium sulphate. The two fractions were reprecipitated twice under 
similar conditions and then formed water-soluble, heat-coagulable products. 
The main properties are given in the following table: 


Reaction Albumin Globulin 
Biuret Strong Strong 
| Millon Yellow only Yellow only 
Glyoxylic acid Trace Strong 
Colour Molis« h Strong Trace 
reactions | Sakaguchi Deep red Deep red 
Xanthoproteic Positive Positive 
{Lead acetate and sodium Negative Negative 
hydroxide 
Elaies 19-8 — 67:1 
P% 2-5 0-25 
Total N °%% li-] 14-2 
Nitrogen partition expressed (By the method of Thimann [1926}) 
as ©, of total N 
Amide 2-6 4:33 % 
Humin 3-06 Trace 
Basic 29-6 24-5 
Non-basic 61-7 75-5 
Reducing carbohydrate after 11-7 0-3 % 


hy droly sis expressed as glucose 


The outstanding evidence of difference between the two fractions is shown 
in the glyoxylic acid and Molisch reactions and also in the nitrogen, phosphorus 
and carbohydrate contents. The globulin fraction, which gives a strong glyoxylic 
acid reaction, is apparently almost completely separated from the protein of 
low nitrogen content, which is associated or combined with nearly all the 
carbohydrate of the original mixture. The difference in the glyoxylic acid 
reaction has not been followed up since the amounts of material available were 
not enough for the isolation of tryptophan. It is satisfactory, however, to 
note that the occurrence of tryptophan in the globulin and not in the albumin 
fraction indicates that the method of fractionation has achieved a definite 
chemical separation, and not merely a separation into fractions of closely 
similar properties arising from the same parent protein. 

Whilst these protein fractions show the characteristic properties of albumins 
and globulins in their behaviour towards half-saturated ammonium sulphate, 
saturated sodium chloride and saturated sodium and magnesium sulphate 
solutions, the globulin fraction is not precipitated from aqueous solution on 
prolonged dialysis and is easily soluble in distilled water. The water-soluble 
proteins isolated by Coghill [1926] also remained in solution on prolonged dialy- 
sis, and this fact led him to conclude that probably no globulin was present in 
the tubercle bacillus. Although it is true that neither fraction is an orthodox 
representative of its class, it has been thought convenient to adopt a nomen- 
clature which indicates best the general properties of the fractions. 

The large difference between the Molisch reactions of the two fractions 
suggested at first that the polysaccharide material had been salted out or 
adsorbed on to the albumin fraction. Later experiments showed, however, that 
the carbohydrate is associated in some more definite manner with the albumin, 
since repeated precipitation of this fraction from solution with trichloroacetic 
acid—a procedure which would be expected to break down a loose complex of 
the protein and the polysaccharide—yielded a denatured protein still giving a 
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strong Molisch reaction. Only on boiling with trichloroacetic acid is a product 
with a weak carbohydrate reaction obtained, and this treatment liberates at 
the same time some of the organically bound phosphorus. 


EXPERIMENTAL. 
Preparation of the proteins of the tubercle bacillus. 


A 10-weeks old culture of tubercle bacilli, grown on the synthetic medium 
(15 1.) previously described [Gough, 1932], was filtered through fine copper 
gauze and, after draining, the bacilli were transferred to a Biichner funnel fitted 
with a double layer of butter muslin. After pressing out and washing twice with 
water, the bacilli were suspended in sufficient water to form a thin paste, chilled 
until ice crystals began to form and poured into 21. of neutral absolute alcohol 
at — 10°. After standing overnight the alcohol was decanted and replaced by a 
further 2 1. of cold alcohol. This operation was repeated at 24 hour intervals with 
2 |. amounts of alcohol containing increasing amounts of dry ether (25, 50, 75 °%). 
The bacilli were finally washed twice with similar amounts of dry ether. The 
entire treatment with solvents up to this stage was conducted at — 3°. It was 
found convenient to conduct the washing in a large filter-flask fitted with a wide- 
bore siphon tube and a cotton plug in the side-tube. The supernatant wash- 
liquors were removed by forcing air through the side-tube with a rubber bulb 
blower, so that the liquid passed out through the siphon tube and the subsequent 
formation of easily air-borne powders round the neck of the flask was avoided. 
The bacilli were shaken with ether, siphoned over into Soxhlet extraction 
thimbles, and extracted with ether for about 60 hours. Each extraction apparatus 
was fitted with a calcium chloride tube and the flasks contained pieces of sodium 
to ensure the absence of water. After the ether had been removed from the 
thimbles in a vacuum, the contents were put into a large porcelain ball-mill. 
Owing to the fact that the dead bacilli at this stage easily form a dust cloud, 
which may give rise to a tuberculin reaction in the experimenter,’the thimbles 
were emptied into the mouth of the ball-mill under a duster and a gas mask 
was worn. After grinding for 48 hours the dust was found to be completely 
non-acid-fast. The contents of the mill were then extracted successively with 
2 ]. water, 1 1. 5 % sodium chloride solution, and with 1 1. 0-5 °% sodium hydrogen 
carbonate solution. The extracts, which formed almost permanent suspensions 
of bacillary particles and porcelain dust, were centrifuged, filtered through a 
thin layer of kieselguhr and saturated with neutral ammonium sulphate. Almost 
all the protein appeared in the first extract; the other extracts were neglected. 
After standing for some hours the curd of protein was removed, dissolved in 
water (200 cc.) and treated with an equal volume of saturated ammonium 
sulphate solution. The precipitated material was removed by filtration, dissolved 
in water (50 cc.) and reprecipitated with an equal volume of saturated ammonium 
sulphate solution. Finally the “globulin” fraction was dissolved in water 
(100 ec.) and dialysed in a collodion sac until free from ammonium sulphate. 
Even after long dialysis against distilled water no precipitate formed inside. 

The mother-liquor from the first precipitation of the “globulin” fraction 
was completely saturated with ammonium sulphate and the precipitated 
material removed and dissolved in water (50 cc.). The liquid was again brought 
to half-saturation, filtered from a slight ponies and finally fully saturated. 
This “albumin” fraction was then dissolved in water and dialysed until free 
from ammonium sulphate. Both preparations were isolated from their dialysed 
solutions by freezing in shallow dishes followed by evaporation in the frozen 
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state in a desiccator, over sulphuric acid and sodium hydroxide, evacuated to a 
pressure of 0-2 mm. on an oil-pump. 

From about 46 g. of dry extracted bacilli 1-7 g. albumin and 2-4 g. globulin 
were obtained. The preparation was repeated with 28 g. of dry extracted bacilli. 
In order to obtain a more complete separation of the fractions, the “‘albumin” 
fraction was reprecipitated three times from filtered solutions in ammonium 
sulphate of 60 °% saturation by adding solid ammonium sulphate. The “globu- 
lin’’ fraction was precipitated three times at half-saturation. 

Both protein fractions are easily soluble in water and are precipitated from 
these solutions by the addition of acid or by an equal volume of alcohol. The 
globulin fraction is also precipitated by saturation of its aqueous solution by 
sodium chloride, sodium or magnesium sulphate, whilst the albumin fraction 
is not precipitated under these conditions. 


The optical rotatory power of the protein fractions. 


A solution of 0-0958 g. of the albumin fraction in 10 cc. of water had 
2546) + 0-19°, a value which remained constant for 2 days. Upon the addition 
of 0-1 ec. 50 % sodium hydroxide solution the observed rotation fell immediately 
to — 0-25° and after keeping 6 days at 37° slowly rose to the constant value of 

0-10°. The globulin fraction (0-1103 g. in 10 ce. of water under similar con- 
ditions) showed a constant value of « — 0-74° which changed slowly to — 0-54° 
on addition of sodium hydroxide after 24 hours. 


Immunological properties of the proteins. 


The tuberculin activity of the fractions was low compared with those of 
recently prepared tuberculin concentrates. A 1 % solution of either fraction 
had an activity approximately equal to that of the standard. 

Both proteins give precipitates with anti-tubercle serum (Diaplyte serum) 
at a dilution of 1 in 62,500. After treatment with 0-5 °{ sodium hydroxide for 
10 hours the albumin retained almost all its precipitating activity whilst that 
of the globulin was completely destroyed. This result would be expected, if it is 
assumed that the serum contains both protein and carbohydrate antibodies, 
and that the treatment with sodium hydroxide destroys the precipitating power 
of protein but not of carbohydrate. 


Carbohydrate determinations. 


A modified copper solution similar to that used by Seibert and Munday [1931] 
was prepared by dissolving anhydrous sodium carbonate (25 g.), sodium hydrogen 
carbonate (20 g.), Rochelle salt (25 g.), copper sulphate (hydrated, 7-5 g.), and 
0-01N potassium iodate solution (100 cc.) in water and diluting to 1000 ce. 
The oxidising power of this solution towards small amounts of glucose was 
determined by heating 5 cc. with 5 cc. of known glucose solutions in a boiling 
water-bath for 10 mins., rapidly cooling, adding 1 ce. of 2-5 % potassium iodide 
and 2-5 ec. of 2N sulphuric acid and titrating with 0-005 N sodium thiosulphate 
solution. With amounts of glucose up to 0-7 mg. the amount of copper reduced 


was proportional to the weight of glucose taken. 

For the determination of carbohydrate in protein, 5 cc. of a solution (con- 
taining about 10 mg. protein) were heated with an equal volume of 0-5 N sul- 
phuric acid in a boiling water-bath for 4} hours, cooled, 5 cc. 0-5 N sodium 
carbonate and 5 ce. saturated mercuric chloride solution added, and the total 
liquid diluted to 30 cc. The diluted liquid was filtered through a paper covered 
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with a thin layer of kieselguhr, saturated with hydrogen sulphide, filtered, and 
the dissolved hydrogen sulphide removed by passing air through the solution 
for ? hour. In order to be sure that this process did not lead to the loss of 
reducing sugar or, alternatively, to the appearance of other reducing substances 
in the final solution, test determinations were made in which a sample of horse 
serum-albumin, which had an almost negative Molisch reaction, and a mixture 
of this albumin and glucose were used. A negligible “‘glucose’’ value for the 
albumin alone and accurate results for the albumin-glucose mixture (3 and 


€ 


4-] mg. found; 3 and 4 mg. glucose added) were obtained. 


Relation of the alcohol-soluble proteins of the 
Salmonella to the proteins of tubercle. 


The occurrence of proteins soluble in 95 and 75 % aqueous alcohol acidified 
with hydrochloric acid which have been isolated from Salmonella bacilli by White 
[1932; 1933] raised the question of the possibility of the existence of similar 
proteins in the tubercle bacillus. A sample of tubercle bacilli (about 7 g.), treated 
according to Hardy but not exhaustively extracted with ether, was boiled with 
absolute alcohol containing 5 % of its volume of N hydrochloric acid for 
1} hours, and the bacilli were removed and boiled under similar conditions 
with 75 % alcohol containing 5 °% N HCl. The first extract gave no precipi- 
tate upon neutralisation and, on evaporation, yielded only a small amount of 
lipoid substances. The 75 °% alcohol extract, however, yielded on neutralisation 
a large precipitate. After twice repeated precipitation from acid alcohol, the 
dried product (0-3 g.) was insoluble in water, neutral 75 % alcohol and in very 
dilute acids, but dissolved slowly in water on the addition of a trace of alkali. 
It gave strong biuret, Sakaguchi and glyoxylic acid reactions, but no Molisch 
reaction. 

Examination of the proteins already isolated from tubercle bacilli showed 
that, whilst both fractions were insoluble in neutral 75 % alcohol, the globulin 
alone was easily soluble in warm acidified 75 °% alcohol or in alcohol made 
alkaline with a trace of sodium hydroxide. When precipitated from the acid 
alcohol by neutralisation the globulin was recovered in an insoluble denatured 
form which appeared identical with the “‘T”’ protein isolated by direct extraction 
of the bacilli. 

It therefore seems that a certain similarity exists between the protein con- 
stitution of the tubercle bacillus and that of the Salmonella group in so far as 
the globulin fractions are concerned. No cross reactions occur between the 
tubercle globulin and a number of anti-*‘T”’ protein sera prepared from various 
strains of Salmonella by Mr P. Bruce White. There is also a slight similarity 
between the albumin and globulin from tubercle and the ‘residual protein” 
and ‘“‘alcohol-soluble protein” respectively isolated from B. typhosus, B. coli 
communis and Staphylococcus aureus by Goadby [1928; 1932], although in these 
cases the last-named proteins were soluble in neutral 70 % alcohol. 


SUMMARY. 


1. A method for the isolation of the water-soluble proteins of the tubercle 
bacillus in an undenatured condition is described. 

2. Fractionation of the mixed proteins with half- and fully-saturated 
ammonium sulphate solutions yields two proteins, possessing many of the 
properties of albumins and globulins, which show different chemical and im- 


munological characteristics. 
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It was recently shown by Stedman, Stedman and Easson [1932] that, whereas 
liver esterase and pancreatic lipase are without appreciable action on esters of 
choline, there is present in the blood-serum of the horse an enzyme which readily 
hydrolyses such esters, but which exerts little, if any, action on simple esters 
such as methyl butyrate. In order to emphasise the specific nature of its activity, 
the new enzyme was termed choline-esterase. No other sera were examined at 
the time for the presence of this enzyme owing to the difficulty in measuring 
its activity in horse-serum with any degree of accuracy without first submitting 
it to extensive purification. Further experience with the work has, however, 
now enabled us so to modify the method of estimation that the activity of the 
choline-esterase present in 1 cc. of serum can be measured with a fair degree 
of accuracy. It therefore appeared to us to be of interest to examine the blood- 
sera from a number of species for the presence of this enzyme and, at the same 
time, to determine the activities of the same sera towards methyl butyrate and 
tributyrin. 
Methods of estimation. 

The choline-esterase activities of the sera examined were measured by the 
method of continuous titration described in our earlier communication. The 
accuracy of the results so obtained depends largely on the py at which the 
estimations are made. In our original experiments py, 7-4, using bromothymol 
blue as indicator, was first employed, but difficulty was experienced with un- 
purified serum owing to the buffering action of the serum-proteins. The difficulty 
was overcome to some extent by working at p,, 8-6, using o-cresolphthalein as 
indicator, but this introduced an additional complication owing to the unstable 
nature of the substrates involved. Whereas the non-enzymic hydrolysis of the 
choline esters was almost negligible at p,, 7-4, it became relatively large at 8-6 
and increased, moreover, rapidly with increase in the p,, of the solution, so that 
the small fluctuations in alkalinity which are unavoidable during the titration, 
or a slightly incorrect adjustment of p,, such as is liable to occur when one is 
employing pigmented serum, caused appreciable variations in the amount of 
non-enzymic hydrolysis and hence uncertainty regarding that caused by the 
enzyme. By choosing a p,, intermediate between the above values, namely 8-0, 
it has been found possible to avoid these difficulties. At this acidity both the 
buffering power of the serum-proteins and the non-enzymic hydrolysis of the 
substrate are small, while the colour change of cresol red, which was the 





1056 E. STEDMAN, E. STEDMAN AND A. C. WHITE 


indicator chosen, was particularly marked. The actual estimations were made 
in the following manner. To 100 cc. of CO,-free water previously warmed to 30 
and placed in a thermostat at this temperature were added 5 drops of an aqueous 
solution of cresol red, prepared according to Clark [1925], and 1 cc. of a solution 
of 2-5 g. of butyrylcholine bromide in 10 cc. of water. When acetylcholine was 
employed as substrate, 1 cc. of a solution of 2-5 g. of acetylcholine chloride in 
10 cc. of water was used. The mixture was brought to p,, 8-0, using a standard 
borate buffer for comparison, by addition of 0-02.N sodium hydroxide which 
had been prepared from metallic sodium and was hence free from carbonate. To 
the solution so prepared 1 cc. of the serum under examination was added and, 
after again adjusting the p,, to 8-0, the standard alkali was added drop by drop 
from a burette as required to maintain the p,, of the solution at the above value. 
Burette readings were taken every 5 minutes for a period of 20 minutes. When 
the serum was pigmented it was found convenient, provided sufficient serum 
was available, to prepare a borate buffer containing 1 cc. of the serum for use 
as a standard. It should be mentioned that the titrations were carried out in a 
thermostat with glass sides, the flasks standing on a platform of opal glass 
provided with a background of the same material. 

The activities of the sera towards methyl butyrate were determined by the 
same technique, 0-25 cc. of the pure ester being employed as substrate. This was 
dissolved in the 100 cc. of water before the addition of the serum. 

The hydrolysis of tributyrin was followed by the stalagmometric method of 
Rona and Michaelis [1911] under the conditions (p,, 7-9; t 20°) described by 
Stedman and Stedman [1931]. 

Results. 


The sera used in these experiments were obtained from various sources. 
Those from a few animals (ox, sheep, pig) were procured from the slaughter 
house; in certain other instances we are indebted to colleagues for providing us 
with the material. The blood from which the remainder were prepared was 
collected by various methods. As far as possible, however, particularly when 
small animals such as the mouse and pigeon were involved, it was obtained by 
heart puncture. Immediately after separation from the clot the clear serum was 
rendered sterile by shaking it with sufficient chloroform to saturate it, a pro- 
cedure which had been found to exert no deleterious action on the choline- 
esterase present in horse-serum. Most of the specimens of serum examined 
were transmitted in this condition from London to Edinburgh and were in- 
vestigated as rapidly as possible after their arrival. Before carrying out the 
estimations a slight precipitate, which usually separated during transit, was 
removed in the centrifuge. 

The results are collected in Table I and, for convenience of discussion, are 
arranged somewhat arbitrarily in six groups. Butyrylcholine was employed in 
preference to acetylcholine as substrate for estimating the choline-esterase 
activity since it is hydrolysed more rapidly by the enzyme. With sera of 
high choline-esterase activity, however, the activity towards acetylcholine was 
also determined provided sufficient serum was available. In most instances 
the serum was obtained from one individual animal, but with the smaller 
animals a mixed specimen from a number of individuals was necessarily em- 


ployed. Sera from two individuals were examined separately in the case both 
of the cat and the rabbit; the individual results are therefore quoted. The results 
given by two different mixed specimens of fowl-serum are also included in 
Table I since one specimen was examined in a fresh condition without treatment 
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Table I. Choline-esterase and esterase activities of various blood-sera. 


ec. 0-02. NV NaOH required to titrate 


acid liberated in 20 mins. Diminution in 
— - - ——_—_—___— drop number 

Butyryl- Acetyl- Methyl in 40 mins. 

Substrate choline choline butyrate Tributyrin 
Monkey 8-8 345 0-15 13 
IN Man 4-95 2-6 0-15 10 
“-) Dog 4:8 2-45 0-15 4 
Fox 2-4 - 0-05 0 
Horse 545 2-0 2-95 24 
B.. Guinea-pig 3-75 1-35 4-7 72 
*) Cat 2°15 0-55 36 
lc Jat 1-9 0-55 60 
Pigeon 0-3 16-6 80 
Goose 0 3°65 4-4 
C. + Duck 0-2 2-85 21 
Lennon 0 — 1-95 — 
Mouse O-4 1-75 96 
Pig 0-6 0 0 
D.{ Fowl 0-5 0-25 4 
\ Fowl 0:7 0-3 3 
Rat 0-05 1-05 18 
E.4 Rabbit 0-05 0-3 22 

\ Rabbit 0-1 a 0-25 23-5 

Goat 0-1 0 l 
| Ox 0-05 0-05 0 
F Sheep 0-1 0-05 0 
*\ Ferret 0 0-05 11 
| Frog 0 0 0 
Hedgehog 0 0 0 


with chloroform whereas the other had undergone the routine treatment de- 
scribed above. The conditions of estimation chosen were such that the hydrolysis 
of the substrates proceeded at a constant rate during the period of estimation. 
It has therefure been considered unnecessary to record the readings taken at 
5 min. intervals in the cases of the choline esters and of methyl butyrate, and 
at 20 min. intervals in the case of tributyrin; only the total titration figures or 
diminution in drop number are included in the table. In a few instances the 
activity of the serum towards tributyrin was too great for an estimation to be 
made with 1 cc. of the serum. In these cases a volume (0-5 or 0-25 cc.) was chosen 
such that the diminution in the drop number did not exceed 24. Similarly, 
owing to the high activity of pigeon-serum towards methyl] butyrate only 0-25 ce. 
was used for this estimation. In order to facilitate comparison with the results 
obtained with other sera, the figures quoted in the table for such cases are 
those calculated for 1 cc. from the results on the assumption that the amount of 
hydrolysis is proportional to the concentration of enzyme. With the exception 
of the figures for tributyrin, for which no correction is necessary, deductions 
have been made in each case for the non-enzymic hydrolysis of the substrate. 
These deductions are, however, small and were determined experimentally. For 
the period of 20 mins. they amount to 0-2 cc. for butyrylcholine, 0-35 cc. for 
acetylcholine and 0-15 cc. for methyl butyrate. It should be mentioned that the 
ferrets from which the serum was obtained had been inoculated with distemper 
virus. 

In addition to the experiments recorded in Table I, a comparison has been 
made of the choline-esterase and esterase activities of human blood-sera from 
several individuals. The results are given in Table IT. 
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Table Il. Choline-esterase and esterase activities of human blood-sera. 


ec. 0-02 N NaOH required to titrate 


acid liberated in 20 mins. Diminution in 
- drop number 
Butyryl- Acetyl- Methyl in 40 mins. 
Substrate choline choline butyrate Tributyrin 
G.A. HB. 6-0 3-4 0-15 12 
L. H. E. 51 0-05 10 
ast. W. 4-95 2-6 0-15 10 
E. 8. 4-65 2-3 0-05 10 
J.R. 4-5 — 10 
J. M. MeD. 3°6 se 6 


DISCUSSION, 


The experiments recorded in Table I demonstrate that the specific enzyme, 
choline-esterase, which we have previously shown to be present in horse-serum 
occurs also in the blood-sera from a number of animals. There are, however, 
enormous variations in the concentration of the enzyme in the various sera, and 
the animals which we have examined can be roughly although somewhat 
arbitrarily classified into three groups according as their respective sera contain 
relatively high concentrations, traces, or no detectable amount of the enzyme 
in question. The first group comprises the following animals, which are named in 
descending order of the choline-esterase activities of their sera: monkey, horse, 
man, dog, guinea-pig, fox, cat. Within this group, however, considerable 
variations in concentration occur, as is illustrated by the figures obtained for 
the monkey and the cat, which show that the serum from the former animal 
possesses a content of the enzyme which is four times that of serum from the 
latter. In the second group, comprising the pig, fowl, mouse, pigeon and duck, 
a small but definite choline-esterase activity is exhibited by the serum, while 
in the third and largest group consisting of the tortoise, frog, hedgehog, goose, 
rat, rabbit, goat, ox, sheep and ferret, no choline-esterase could be detected by 
the method which we have employed. 

The physiological function of choline-esterase is doubtless to destroy acetyl- 
choline, or possibly other esters of choline, and it might be considered, in view 
of the small amounts of a substance with such powerful physiological properties 
as acetylcholine which would be expected to gain access to the blood, that a 
concentration of the enzyme which would suffice for the destruction of such 
small quantities would not be detectable by the method which we have used 
for its estimation. Such an argument cannot, of course, be entirely refuted, but 
it must be emphasised that our method of estimation is much more delicate than 
it appears to be superficially, the conditions under which the estimations have 
been carried out having been so chosen as to increase its sensitivity almost to 
the maximum. Two factors have contributed to this. Firstly, we have employed 
butyrylcholine in place of acetylcholine as substrate, since the former ester is 
hydrolysed approximately twice as rapidly as the latter by the enzyme; this 
can be seen from those results in Table I in which both esters have been em- 
ployed. Secondly, relatively high concentrations of substrate have been used. 
While it is impossible at present numerically to assess the effect of the second 
factor, it can nevertheless be stated that a diminution in the substrate con- 
centration below that which we have employed causes a falling off in the amount 
of hydrolysis which, at low concentrations, becomes considerable. When it is 
further borne in mind that our method will measure an amount of enzymic 
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hydrolysis which is of the same order of magnitude as the non-enzymic hydrolysis 
which occurs under the conditions of our experiments, it appears exceedingly 
probable that it is capable of detecting the enzyme when it is present in serum 
in concentrations possessing physiological significance. It must not, however, 
be overlooked that our results have been obtained entirely with serum, and that 
the absence of the enzyme from this does not necessarily imply its absence from 
the corpuscles. This fact is mentioned since Plattner and his colleagues, in work 
quoted in our previous paper, have obtained results which they interpret as 
indicating that the destructive action of blood on acetylcholine is associated 
with the corpuscles. Galehr and Plattner [1927] have, moreover, examined the 
action of the defibrinated blood from a number of species upon acetylcholine, 
using pharmacological methods of estimation, and have obtained an order of 
activity which cannot be reconciled with our results except on the assumption 
that the corpuscles also possess activity. Further, Plattner and Bauer [1928] 
state that acetylcholine is destroyed by frog’s blood, whereas we have failed to 
detect any choline-esterase in frog-serum. 

In our previous experiments with horse-serum, it was shown that considerable 
variations occurred in the choline-esterase contents of sera from different horses. 
The estimations recorded in Table II now demonstrate that similar variations 
occur in human serum from different individuals. It has not, unfortunately, 
been possible to determine, under comparable conditions, the pulse rates of the 
individuals concerned, and hence no evidence can be presented as to a relation- 
ship between this magnitude and the choline-esterase content of the serum. 
Nevertheless, since the concentration of choline-esterase in the serum must 
necessarily determine the rate at which any acetylcholine entering the blood is 
destroyed, the magnitude of this concentration must be regarded as one of the 
factors which control the activity of the heart in those species in which the 
enzyme occurs. 

The division of Table I into six groups is designed to emphasise the absence 
of any marked relationship between the choline-esterase and esterase activities 
of the various sera. A high choline-esterase activity may be associated either 
with an almost negligible (Group A), or an appreciable (B) esterase activity. 
On the other hand sera with high esterase contents may exhibit little or no 
activity towards choline esters (C). The remaining groups, in which there is a 
small but definite choline-esterase activity (D), or none at all (E and F), associated 
with small or negligible esterase activities, can obviously throw no light on the 
point under discussion. The results in Groups A, B and C, particularly when 
considered in conjunction with our previous results in which it was demonstrated 
that extensively purified choline-esterase from horse-serum exhibits only a small 
activity towards methyl butyrate, do, however, appear to indicate that at least 
two different enzymes, choline-esterase and esterase, are present in many of 
the sera examined. But it cannot be asserted that choline-esterase itself is 
entirely without action on simple esters. On the contrary, it appears probable 
that the small esterase activities exhibited by the sera of Group A may be due 
to the choline-esterase which these sera contain in relatively large amount. 
Similarly, it is possible that the small activity of pigeon-serum towards butyryl- 
choline is due, not to the presence of choline-esterase, but to the action of 
esterase, of which it contains an abnormally large amount. 

A similar lack of relationship between the activities of the various sera 
towards tributyrin and their choline-esterase and esterase activities is also 
apparent from Table I. This suggests the presence in certain of the sera of a 
third enzyme, possibly a lipase. But it is again possible that both choline- 
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esterase and esterase possess some activity towards tributyrin. In one instance, 
that of the fox, no hydrolysis of tributyrin occurred, although the serum 
contained a moderate concentration of choline-esterase. It might be concluded 
from this that the latter enzyme does not attack tributyrin were it not for the 
fact that the results for butyrylcholine and tributyrin obtained with human sera 
(Table IL) exhibit a certain parallelism. 


SUMMARY. 


The blood-sera from a number of animals have been examined for the presence 
of enzymes which hydrolyse choline esters, methyl butyrate and tributyrin. 
The results, which have been tabulated, show that little relationship exists 
among the sera from various species with respect to their relative activities 
towards the three substrates and it is concluded that at least two enzymes, 
choline-esterase and esterase, are present in many of the sera. A third enzyme, 
possibly a lipase, is also probably present in some. 

The specificities of choline-esterase and esterase are probably not absolute. 
A consideration of the results obtained with different sera suggests that, in 
addition to hydrolysing esters of choline, the former enzyme exerts a relatively 
minute hydrolytic action on methyl butyrate and possibly also on tributyrin. 
The serum-esterase may similarly hydrolyse esters of choline to a very small 
extent; it almost certainly attacks tributy rin. 

The choline-esterase content of human serum, which is relatively high, 
varies considerably with different individuals. Its magnitude is probably an 
important factor in controlling the activity of the heart. 


Part of the expense of this investigation has been met by grants from the 
Earl of Moray Research Fund of Edinburgh University. 
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CXL. A DEFICIENCY DISORDER INDUCED IN 
SUCKLING YOUNG RATS BRED ON A PURIFIED 
SYNTHETIC DIET WITH “GLAXO CASEIN” 
(CASEINOGEN) AS SOLE SOURCE 
OF PROTEIN. 


By LESLIE WILLIAM MAPSON. 
From the Biochemical Laboratory, Cambridge. 


(Received June 27th, 1933.) 


In a former communication [Mapson, 1932] the stimulating effect on growth of 
small amounts of mammalian liver fed as supplement to a purified basal synthetic 
diet containing all hitherto known dietary principles was demonstrated. It was 
shown that young rats when transferred from the stock diet to the synthetic 
ration and fed in addition on small amounts of fresh ox-liver showed a greatly 
accelerated growth over control animals. Evidence was submitted of the non- 
identity of this growth-promoting factor with any of the better-known vitamins. 
This growth- promoting principle was provisionally named physin. During the 
course of this work the anomalous behaviour of a small number of litters was 
observed. 

The addition of small amounts of liver to the diet failed to give the usual 
acceleration in growth seen in the majority of the litters. These variable results 
were in contradistinction to the very uniform and consistent responses obtained 
when liver was fed not directly to the offspring but by transmission from the 
parent animal. 

These results were explicable on the assumption of a seasonal variation in the 
content of physin in the stock dietary. This assumption was supported by the 
fact that control offspring from litters showing little or no effect of the liver 
feeding displayed an absolute growth rate of a higher magnitude than that of 
control animals from litters in which the acceleration effect of the liver feeding 
was apparent. Moreover, the growth rate of control animals in the first group 
was approximately the growth rate given by the liver-fed offspring of the second 
group. 

An attempt has been made in the more recent work to eliminate as far as 
possible the effect of a stock dietary and to render the young animals more 
uniformly deficient in this growth-promoting factor. The further possibility had 
to be borne in mind that the actual synthetic diet originally used was not 
entirely deficient in physin. The existence of such a dietary principle had been 
demonstrated in the former work merely by its stimulating effect on growth, it 
was hoped by using a completely deficient diet, that animals might show definite 
pathological symptoms of such a deficiency. 

With the latter consideration in mind the synthetic diet used in the former 
work has been modified in various respects. The results of these experiments 
here recorded indicate in a striking manner the nutritional differences existing 
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between various caseinogen preparations. A definite deficiency disorder has been 
disclosed by a modification of the original synthetic diet by the substitution of a 
different brand of caseinogen in the ration. 

This deficiency has been cured by the addition of active curative extracts 
containing physin to the basal ration. 


EXPERIMENTAL. 


It was considered that even though modifications of the former synthetic 
diet might not yield a ration entirely deficient in physin, and might therefore 
still sustain some growth in the young animal, such low physin-containing diets 
might yet be inadequate for normal breeding and lactation. Hence offspring 
from such parents might be expected to be relatively more deficient in physin 
and more uniform in this deficiency than experimental animals derived directly 
from the stock diet used in this laboratory. 

The experimental procedure has thus been to breed animals on modifications 
of the original basal diet, and a twofold study of the lactating powers of the 
females and growth rate of the offspring on such diets has been attempted. 

All the animals used were black and white rats from the stock strain bred 
in this laboratory. The young animals were separated at weaning from the stock 
diet at an age of approximately 4-5 weeks. Their weight at this age ranged from 
40 to 60 g. 

At this stage they were placed on the synthetic basal ration. All the synthetic 
diets were fed ad libitum. 

Some 16-20 weeks were allowed to elapse before mating of the animals 
occurred. During gestation and lactation only the synthetic diets were used. 

The principal modification of the original synthetic diet has been the sub- 
stitution of “Glaxo casein” (caseinogen) for “light white casein B.D.H.” (Na 
caseinate). The composition of the synthetic diets used is shown in Table I. 


Table I. Composition of diets (parts by wt.). 


Diet E EK’ B F 

Protein 

“Glaxo casein” - - 23 

**Light white casein” 23 23 23 - 
Rice starch 40 40 46 40 
Sugar 17 17 17 17 
Arachis oil 15 15 15 15 
Wheat embryo 8 8 2 8 
Dried yeast Ss 8 8 8 
Cod-liver oil 2-5 2-5 2-5 2-5 
Salt mixture 5 5 5 5 
Manganese sulphat« 1 mg 10 mg. l mg 1 mg. 


(anhydrous) 


Cod-liver oil was incorporated in the basal diets. The diets were made up 
only in small quantities at a time so as to obviate any possibility of deterioration 


of any of the vitamins included. 

The stock diet used in this laboratory consists essentially of mixed corn, 
wheat embryo, dried yeast, bread and fresh milk daily. The salt mixture used 
in the synthetic diets was a modification of that used by Osborne and Mendel; 
the complete composition was given in the former communication [Mapson, 
1932]. 
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Breeding on Diet E. 


The general results with breeding on the original synthetic diet (Diet E) have 
been described fully in the former publication. Failure of lactation is common in 
from 50 to 70 % of the cases studied. This failure occurs at the very outset of 
the lactation period. The parents neglect their offspring from birth, and in 
many cases they kill and eat them. Out of some 60 litters bred on this diet 
no single case is on record in which the mother started to feed her offspring 
and: then eventually failed to rear them. Those litters in which suckling was 
commenced were completely successful during all the later stages. The young 
weaned on this diet exhibited an exceptionally good growth rate. No patho- 
logical symptoms were seen in any of the litters in which suckling was 
commenced by the parent. The average weights of the offspring on this 
diet were: Ist week, 12-14 g.; 14 days, 23-26 g.; 21 days, 35 g.; 28 days, 
45-50 g. 


Substitution of ‘light white casein” by “‘Glaxo casein.” Diet F. 


This diet differed from Diet E only in the substitution of “‘Glaxo casein” 
(caseinogen) for “light white casein B.D.H.” (Na caseinate). Breeding occurred 
as in Diet E and here again a large percentage of cases showed the typical 
immediate failure of suckling at birth. At this point, however, the resemblance 
between the two diets ceased, for of the mothers which succeeded in starting to 
feed their young only a small percentage were successful in rearing any of their 
offspring. With these latter litters suckling was successful up to a period varying 
from 14 to 28 days, when the offspring, very much undersized in weight compared 
to offspring bred on Diet E, showed a definite failure to grow. The onset of 
the symptoms in a few cases was delayed until after weaning, but in the 
majority of cases definite pathological symptoms were evident at approximately 
the 24th day. The baby animals developed sparse greasy coats, looked weak and 
were seen to have less than normal activity. The occurrence of these symptoms 
was followed rapidly by the appearance of exhaustion, and finally death ensued 
within a few hours. In many of the litters before this extreme condition was 
reached, a vitamin deficiency behaviour was shown by the more lively animals, 
these attaching themselves to their more moribund companions and frequently 
eating their entire viscera. 

Post mortem examination of the young rats showed no macroscopic signs of 
pathological change or of infection in any of the organs, except for the extra- 
ordinary absence of fat anywhere in the body. 

To all outward appearances, in those litters in which the symptoms developed 
prior to weaning, the mother continued suckling her young right up to the stage 
of exhaustion. 

In the case of a small number of the litters studied some of the young off- 
spring survived without addition of any supplement to the basal ration. That 
the synthetic Diet F is not completely deficient in this principle seems possible 
from the fact that young rats saved from death by the feeding of effective 
supplements were, after some 10-15 days, able to maintain themselves and grow 
on the basal diet alone. The explanation adopted here is that the basal ration F, 
though adequate for normal requirements during growth, is inadequate for the 
needs of the lactating female, and that this deficiency is reflected in the off- 
spring. 

67—2 
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Administration of active curative supplements. 


To many of the offspring from these litters, effective supplements have been 
given; these experiments have been as yet only of a preliminary nature. 

The following supplements when added to the basal diet or fed directly to 
the young offspring have had a curative effect. 

(1) Substitution for the ‘‘Glaxo casein” in the basal diet of “‘light white 
casein” has resulted in complete recovery of 15 animals from three different 
litters, control animals still maintained on the basal Diet F eventually dying. 
The rats from these three litters had been weaned at 28 days and segregated 
into two groups, the two groups being placed on Diets E and F. These results are 
indicated in Figs. 1 and 2. 


10% 









Weight in & 





Fig. 1. Fig. 2. 
Fig. 1. Representative growth curves of control offspring maintained on Diet F. 
Weaned from parent 28 days old. x denotes death. 


Fig. 2. Representative growth curves of offspring from the same litters, in which 
‘light white casein”’ replaced ‘‘Glaxo casein” in Diet F at weaning. 


(2) Extraction of the “light white casein”’ three times with cold 90 % 
acetone failed to remove the whole of the factor present in the protein. But the 
rate of recovery of the experimental animals when such extracted “casein” 
replaced the “Glaxo casein” in the diet, as indicated by gain in weight and 
disappearance of the sparse-looking fur, was much delayed. 

(3) Administration of the 90 % acetone extract from “light white casein” 
resulted in two cases in the recovery of the young, control animals dying on 
being kept on the basal ration alone. 

(4) Decidedly beneficial results have also been obtained by the feeding of a 
physin extract prepared from ox-liver. This extract represents material extracted 
from liver soluble in 90% alcohol and 90 % acetone and was prepared as 
follows. Fresh ox-liver was minced and acidified to a py of 5-0, and the cells 
were broken down by means of rapid digestion by papain. After digestion an 
aqueous extract was made. Alcohol was added to a concentration of 90 %, the 
filtrate concentrated in vacuo at 40° and the residue dissolved in water. Acetone 
was then added to a concentration of 90 °%. This precipitates further material. 
Approximately 380 mg. of acetone-soluble material are obtained from 100 g. 
fresh weight of liver. This material was fed in doses equivalent to 1-2 g. of 
original liver. A decided improvement was apparent in the animals receiving 
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this supplement, the outward indication of which was a rapid recovery and 
gain in weight, and complete disappearance of all sparse-looking fur. Death 
followed in control animals not receiving the supplement (Fig. 3). 


Weight ing.! 


Fig. 3. Representative growth curves of offspring from litters bred on Diet F. Offspring 
separated from mother at 28 days. + Supplement; physin extract from fresh ox-liver. 
< denotes death. 


Modifications of the synthetic diet. 


(a) Manganese. As Orent and McCollum [1931] have demonstrated the in- 
sufficiency of a diet completely deficient in inorganic manganese for the normal 
requirements during lactation, the content of inorganic manganese has been 
varied. Diet E’ represents the composition of the original synthetic diet with 


Table IT. 


Diet of mother from weaning E’ E B I 
Diet of offspring EK’ E B } 
No. of litters on experimental 21 30 16 25 
diet 
Litters of mothers showing 11 13 10 14 
immediate lactation failure 
at birth 
Litters suckled at birth 10 17 6 1] 
Litters successfully weaned 10 17 6 None* 
Total no. of rats born 155 224 124 189 
Total no. of rats born whose 68 122 4] 93 
mothers commenced feed- 
ing at birth 
Total no. of rats alive at 66 120 40 87 
14 days 
Total no. of rats alive at 66 118 40 43 
28 days 
Total no. of rats alive at 65 118 40 10 


5-6 weeks 


* 2 partially successful. 
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an increase of inorganic manganese to approximately 0-01 % of the ration. No 
significant differences, however, were noted using this diet. 

(6) Wheat embryo. The composition of Diets E and F reveals their large 
content of wheat embryo: this had been included to provide an adequate supply 
of the vitamin B complex. It was thought possible that such a synthetic diet 
might well possess too high a standard of vitamin E, leading to a disturbance of 
lactation, and might thus be the explanation of the large number of mothers 
who failed to commence feeding their offspring. Accordingly the wheat embryo 
has been reduced in Diet B to 2 %, just sufficient to ensure an adequate 
supply of vitamin E. The results of breeding experiments on this diet have, 
however, still revealed the immediate failure of lactation at birth, and in general 
no significant difference was apparent between Diets B and E. The general 
results recorded in this paper are given in Table II. 


Discussion. 
Comparison with deficiencies previously noted. 


The results recorded in this paper bring out in striking contrast the nutritional 
differences between ‘‘ Glaxo casein” (caseinogen) and “light white casein B.D.H.”’ 
(Na caseinate). Certain differences have been noted before. 

Coward et al. [1929] demonstrated the possibility of the existence of a new 
dietary principle necessary for the continued growth of the rat. Their basal 
ration was, however, deficient in vitamin E, and this objection might be raised 
in connection with their work. They found their growth factor to be present in 
“light white casein’’ and absent from “Glaxo casein.” They also demonstrated 
its presence in other natural foods, e.g. ox-liver, milk, wheat germ. They con- 
cluded that, although possessing many properties suggestive of vitamin E, it 
was not vitamin E on account of its different distribution and more unstable 
nature. The experiments recorded here indicate quite conclusively that the 
deficiency studied here is not due to any lack of vitamin E. 

Palmer and Kennedy [1927, 1, 2] came to the conclusion, as a result of work 
on synthetic diets, that a further dietary principle existed which was not 
identical with vitamins A, B, C, D or E. They were unable to obtain normal 
growth on a synthetic diet of a highly purified caseinogen, butter-fat, agar-agar 
and an alcoholic extract of fat-free wheat embryo. Much better growth was 
obtained if a commercial caseinogen was used instead of highly purified cas- 
einogen. The rats failed in growth and developed symptoms closely allied to 
those noted in the present work. They found that alcoholic extracts of wheat 
embryo stimulated the growth rate. The main objection to their work lies in 
the possibility of their diet being deficient in vitamin B,, since their wheat 
embryo extract which formed the sole source of the vitamin B complex was 
obtained by use of high alcoholic concentrations, e.g. 85-95 % . 

The observations of Palmer and Kennedy and of Coward et al., however, 
indicated the possibility of the existence of a further dietary principle necessary 
for normal growth. The results recorded in the present work have indicated the 
inadequacy of a synthetic diet, complete according to established criteria, for 
normal Jactation and growth of the offspring. This deficiency is not due to 
vitamin E. That the deficiency is not due to a lack of the vitamin B complex is 
shown by the fact that many of the active supplements effecting a cure are 
completely deficient in vitamins B, and B,, e.g. “light white casein,”’ or extracts 
from this. Moreover, a diet such as Diet B employed here, in which the con- 
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centration of the vitamin B complex is smaller than that of either Diets E or F, 

is still adequate for supplying the vitamin B requirements both for growth and 

lactation. : 
Inadequate protein. 


The possibility had to be considered that the deficiency studied here might be 
due to some unsuitability of the “‘Glaxo casein” as a source of protein. It might 
be argued that the death of the animals described above may have been due 
(1) to some inherent deficiency in the “‘Glaxo casein” caused by its method of 
manufacture; (2) to some toxic body present in this protein which upsets the 
maternal metabolism and lactation and which may be passed to the offspring. 

Experiments to throw further light on this question are being promoted, but 
the following considerations would seem to negative these views. Rats taken 
from the stock dietary and placed on Diet F grow equally well as rats placed on 
Diet E. Moreover, addition of liver or fresh milk to parent animals breeding 
on Diet F, prevents entirely any of the deficiency symptoms described above. 
Further, the growth rate of offspring from such litters is equal in magnitude to 
that obtained when liver supplements the “‘light white casein”’ synthetic Diet E. 
It is difficult to see how these results could be obtained if ‘“‘Glaxo casein”’ 
suffered from some inadequacy as a protein. 

It is conceivable that the Glaxo protein may contain small traces of a toxic 
constituent, due to its method of manufacture, which may be injurious to the 
very young animal, having no effect on an animal some weeks older. The evidence 
at present in hand is antagonistic to such a viewpoint. Until more positive 
evidence of such toxicity is available, it seems more reasonable to adopt the 
deficiency hypothesis outlined in this paper. 


Possible identity with the Coward factor. 


The further question arises whether this deficiency is caused by an absence 
of the Coward factor or physin, and whether these postulated dietary principles 
are not identical. 

Physin, as has been shown in a former publication, causes an acceleration of 
growth in young rats maintained on a basal diet of the nature of the diet E used 
in the experiments now reported. Such a diet, it was believed, should be entirely 
adequate in the Coward factor. Dr Coward has, however, informed me (private 
communication) that she believes that 20° wheat embryo in the diet might 
not be sufficient for the production of maximum growth in a ration otherwise 
deficient in this factor. 

It is thus conceivable that the stimulation of growth obtained in the previous 
work by the addition to the basal ration of liver may have intensified the growth 
rate because of-a more adequate supply of this substance. 

It has been shown in this paper that an active extract containing physin is 
effective in curing the deficiency symptoms noted above. Preliminary stages in 
the fractionation of physin have revealed its solubility in such solvents as 90 % 
alcohol, 97 % alcohol, 90 % acetone. These compare well with the reported 
solubilities of the substance curing the deficiency reported by Coward et al. 
These results are suggestive, but a definite answer to this question must be left 
for future work. 

The dietary cause of the immediate lactation failure reported in this and 
earlier communications has still to be cleared up. That it is not due to simple 
inorganic manganese deficiency seems clear. Whether it may be looked upon as 
an acute form of physin or Coward factor deficiency remains to be determined. 
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In further work on this problem the ability of the rat to store the growth- 
promoting principle must be taken into account. The evidence at present to 
hand suggests that this ability may be considerable. Recent work in progress 
indicates that young rats weaned from the stock dieté ary used in this laboratory 
will grow well up to weights approximating to 200 g. on diets deficient in this 
factor. 

Of equal importance in this respect is the nature of the stock dietary from 
which the experimental animals are derived. The inability to reproduce identical 
results under apparently the same external conditions may well be traced to 
these causes. 

SUMMARY. 

1. The results of breeding rats on several different synthetic diets have been 
recorded. 

2. A deficiency disease apparent in the suckling young of rats receiving 
“Glaxo casein”’ as their source of protein has been described. Failure of growth, 
loss of fur and eventually death are the typical symptoms observed. 

3. Nutritional differences influencing the deficiency disease have been shown 
to exist between “‘Glaxo casein” and “light white casein B.D.H.”’ 

4. Active extracts containing both physin and the Coward factor have been 
shown to cure this deficiency. 

5. The possible identity of physin with the Coward factor is discussed. 


I wish to express my thanks to Sir F. G. Hopkins and Dr L. J. Harris for 


their kind interest and advice, and to Miss V. R. Leader for her able assistance 
with the animals. 
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CXLI. THE TECHNIQUE OF GLASS ELECTRODE 
MEASUREMENTS. 
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IN the course of an investigation into the value of the glass electrode as a means 
of making continuous records of the hydrogen ion concentration of circulating 
blood, it was found, in the preliminary experiments in which estimations were 
made on single samples, that there were several sources of serious error. The 
difficulties encountered in devising a satisfactory apparatus for measuring glass 
cell potentials have been overcome, and a suitable form of thermionic valve 
electrometer has been evolved [Platt and Winfield, 1933]. The present paper is 
concerned with technical details which must be carefully considered before 
accurate results can be obtained consistently. 


DESCRIPTION OF THE APPARATUS. 


The glass cell system consists of an electrode vessel carrying in a waxed 
cork the glass membrane and a 0-1 N HCl-quinhydrone half-cell. The electrode 
vessel is provided with a tap A and is connected by a 3-5 M KCl bridge, as 
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shown in Fig. 1, to another 0-1 N HCl-quinhydrone half-cell. A reservoir con- 
taining 3-5 M KCl and fitted with a thermometer and a stopcock is so arranged 
that there are no differences in hydrostatic pressure throughout the system such 
as are likely to disturb the liquid-liquid junctions. The type of stopcock used in 
most of the experiments is shown in the figure, but a more convenient alternative 


1 Beit Memorial Research Fellow. 











1070 B. S. PLATT AND S. DICKINSON 


arrangement (see inset Fig. 1) is a set of 3 three-way taps, the limbs at 120° with 
V-shaped bores. These are substituted for B and D, the third interr upting the 
bridge so that the liquid-liquid junction may be made at D and preserved 
undisturbed in subsequent manipulations at B. 

The procedure adopted was as follows. With tap C closed, tap B in the 
position shown and D in the corresponding position, the clip on the rubber 
tubing at HZ was opened and the bore of D flushed with 0-1_N HCl-quinhydrone 
solution. Tap C was then opened, and the potassium chloride solution was 
washed through the bore of D as it was rotated in a clockwise direction for the 
formation of the liquid-liquid junction to the position shown in the diagram. The 
electrode vessel was filled through tap A from a Record syringe attached by 
narrow rubber tubing. The liquid-liquid junction was made in the same manner 
as at D, tap C being turned off when measurements were made. In this system 
it was found convenient, whilst making the junction at B, to maintain that at D 
by turning the latter through } turn. The alteration of potential caused by 
this procedure was small—not greater than 0-5 mv.—and the original value was 
rapidly resumed. 

The potential in the system was measured by the valve electrometer in 
conjunction with a small box type moving-coil galvanometer (Tinsley and Co.) 
and a slide-wire potentiometer (Cambridge Instrument Co.). Differences of 
0-0001 volt were readily and rapidly detected using membranes of 20 to 200 
megohms resistance. The electrometric system had a stable zero. The grid current 
flowing through the cell was of the order of 10-' amp., giving a negligible fall 
of potential across the membrane. No appreciable current was taken from the 
cell, and the risk of polarisation of the membrane when the input circuit was out 
of balance was eliminated by means of a special switching device. 

The glass cell system must be completely screened and the screen of this 
and the electrometer system earthed at a common point. The lead from the 
glass electrode was air-insulated as far as possible; for the rest, high grade 
heavily insulated flexible leads screened by flexible copper tubing were used. If 
the insulation of the cell is inadequate, the electrical leak may act as a shunt for 
the glass cell and lead to polarisation of the membrane [MacInnes and Belcher, 
1931]. This is more liable to occur if the resistance of the membrane is high. The 
efficiency of screening and insulation was proved at intervals by determining the 
E.M.F. of a standard cell in series with a high resistance. A low reading was 
usually indicative of inadequate insulation, whilst defects in screening gave rise 
to irregular deflections of the galvanometer image when the standard cell and 
resistance were thrown into the input circuit. 


DETAILS OF EXPERIMENTAL TECHNIQUE. 
The selection, preparation and properties of the glass membrane. 


The ability of a glass membrane to function as a perfect hydrogen electrode 
depends essentially on the chemical composition of the glass. There is general 
agreement that a clear soft soda-lime glass, free as far as possible from potash, 
alumina and borates, gives the best results [Hughes, 1928]. The stock used was 
supplied by the Corning Glass Co., New York (No. 015) and has the chemical 
composition—SiO, 72 °%, CaO 6%, Na,O 22% by weight. According to 
MacInnes and Dole [1930], this glass has a low resistance and asymmetry 
potential and only a small error in alkaline solutions (0-1 N NaOH). 

The membrane may be a thin bulb in a simple or modified form; a thin 
membrane (about 0-001 mm.) at the end of a glass tube, as in the MacInnes and 
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Dole [1929] type, or a capillary may be used [Youden and Dobroscky, 1931; 
Voegtlin and Kahler, 1932]. We have had considerable success with the simple 
bulb type which is easy to make and manipulate. The method followed is 
essentially that described by Voegtlin, de Eds and Kahler [1930], except that 
only a small portion of special glass is used. This is fused to a supporting tube 
of ordinary soft glass and is then drawn out to a capillary which is broken off 
about 1 cm. from the shoulder formed. The glass of the capillary is melted in a 
micro-burner into a centrally placed globule from which the bulb is blown. 
Prolonged manipulation in the flame should be avoided, as devitrification and 
annealing impair the properties of the glass for electrode purposes. 

The supporting tube is not made of the glass 015, since, according to MacInnes 
and Dole [1930], 7 x 10-!° equivalent of base is given off from this glass per 
sq. mm. of surface in 24 hours. The composition of the glass used for the shank is 
usually such that its hydrogen electrode function is imperfect, so that it is 
desirable that there should be no appreciable current flow across it. Membranes 
of minimum thickness are therefore used in conjunction with relatively thick 
supporting tubes of low conductivity glass [MacInnes and Belcher, 1931]. 
Deviation currents, occurring with thick membranes and varying in amount 
according to the nature of the fluid on the two sides of the electrode and the 
area of the surfaces involved, are described by Kahler and de Eds [1931]. These 
authors suggest that a guard ring may be used for the electrode if the shank is 
short and wet. Reference has been made above to the danger of polarisation of 
the membrane due to leakage current, especially if thick membranes are in 
use. We have, however, had no trouble with the supporting tube when this is 
dried and painted with hot high melting-point paraffin wax. 

A rough selection of the bulbs prepared by the foregoing method is made by 
filling them with water and taking those scarcely visible when inspected under 
water against a white background. Excluding occasional membranes containing 
minute holes due to rupture of air bubbles in the glass, those obtained by this 
method are found to be of suitable resistance and, with proper treatment, have 
low asymmetry potentials. 

The value of the resistance of the membrane may be required, especially 
if the design of the potential measuring system is such that the cell resistance is 
a limiting factor. A method of measuring the D.C. resistance by applying only 
small potentials across the membrane may be used [MacInnes and Dole, 1930; 
Kahler and de Eds, 1931], or an approximate value may be obtained on a 
calibrated galvanometer when a known voltage (say 10 volts) is applied across 
the membrane when it is set up for taking a strain potential (see later). The 
value of the resistance of the membranes we prepared varied from 50 to 
150 megohms and was generally higher than that usually obtained with the 
glass 015, since quite small bulbs (approximately 1 cm. diameter) were used. It 
is noteworthy that the values obtained by MacInnes and Belcher [1931] for 
the A.c. resistance of glass membranes are very much lower than, and roughly 
proportional to, the apparent p.c. resistance. This difference is, no doubt, 
largely due to a polarisation E.M.F. As a point of some practical importance it 
may be noted that the p.c. resistance of the glass membrane falls considerably 
with rise of temperature [Kahler and de Eds, 1931]. 

The glass membrane may be cleaned by steaming [Kerridge, 1925] or by 
soaking in dil. HCl followed by distilled water, preferably for several hours 
[Fosbinder and Schoonover, 1930]. The membrane should not be treated with 
strong alkalis or concentrated solutions of electrolytes. It should not be allowed 
to dry after preparation, since it depends for its hydrogen electrode function on 
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the water content of the glass phase [MacInnes and Belcher, 1931; Dole, 1931, 
1932; Ssokolof and Passynsky, 1932]. We found that the membrane may be 
cleaned with alcohol and ether [Stadie et al., 1931], though Dubois [1932] states 
that this procedure disturbs the stability of the cell he used. Contamination of 
the membrane with grease or paraffin should be sedulously avoided. 

The terms zero correction, glass strain or asymmetry potential have been 
applied to the potential in the glass obtained when the solution is the same on 
both sides of the membrane. This entity is of importance, since, if large, it is 
likely to vary frequently and considerably. Even when using a suitable glass, 
large and variable asymmetry potentials may follow annealing, drying or 
chemical treatment. We have confirmed the findings of Greville and Maclagan 
[1931] that potentials may occur and persist when an unbalanced current flows 
in the input circuit of the electrometer. The glass potential has been shown to 
vary according to the py, of the solution bathing the membrane [Kahler and 
de Eds, 1931}. 

Preparation of half-cells. 

Different workers have used various combinations of calomel, silver-silver 
chloride and quinhydrone half-cells in conjunction with the glass electrode. We 
have used the following system: 


, 0-1N HCl- Glass Unknown 3-5 M 0-1N HCl- . 
Pt Beet : ee ; Pt 
quinhydrone membrane solution KCl quinhydrone 
PH, A a b 

Puy 


The platinum electrodes were made by fusing 2 to 3 in. of heavy gauge 
platinum wire to a piece of copper wire, then sealing the platinum into a piece 
of glass tubing of convenient size. It is easy to obtain a satisfactory seal if the 
hot electrode is covered with heated asbestos fibre and then allowed to cool 
slowly. The seal can be tested by heating the electrode in boiling water and 
allowing to cool, when the presence of a crack or of incomplete fusion is shown by 
the entrance of water into the glass tubing. The platinum was cleaned by heating 
up to 125° in chromic acid cleaning mixture, then slowly cooled, washed with 
tap-water, then with distilled water and kept in 0-1.N HCl till required [Morgan 
et al., 1931]. 0-1N HCl, kept at 38° was saturated with quinhydrone (B.D.H.) and 
the excess removed by filtration, nitrogen being bubbled through the solution at 
intervals. Biilmann and Jensen [1927] recommend 0-005 M quinhydrone solution 
(1-1 g. per 100 cc.), 7.e. about one-third the amount required for saturation (3-5 g. 
per 100 ce. at 18°). 

In comparison with calomel half-cells, the quinhydrone half-cells are easy to 
prepare and, using matched platinum electrodes, they can be reproduced to give 
potentials differing by less than 0-00001 volt [Biilmann and Jensen, 1927; 
Morgan e¢ al., 1931]. Compact forms, easily insulated, can be used. They do not 
exhibit the troublesome hysteresis phenomena with change in temperature 
found with calomel half-cells. Erratic values for quinhydrone half-cells may, 
however, be obtained at 38° if oxygen is not excluded. It is, moreover, con- 
venient to have in the present system similarly constituted opposing half-cells; 
but, though these are matched initially, we find that a slow change in value takes 
place, possibly due to alkali from the glass in the smaller, or to oxidation in the 
larger, half-cell. If, however, the electrode is standardised at intervals against a 
buffer solution of known p,,, this change is not inconvenient. 0-1.N HCl is used 
in preference to a buffer solution, since Lammert and Morgan [1932] have shown 
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that quinhydrone electrode potentials are not nearly so accurately reproducible 
in solutions of other electrolytes as in 0-1 N HCl. It is an advantage too to have 
a solution of simple ionic composition in apposition to the membrane. 


Lnquid-liquid junction potentials. 


An important consideration arising out of the use of 0-1N HCl is that a 
significant junction potential is introduced in the cell chain at 6. The values 
given for the potential at this junction vary, according to different authors, 
from 2 to5 mv. Gross discrepancies are recorded in the junction potential, when 
such methods as saturated potassium chloride-agar bridges, narrow tubes or 
ground glass capped tubes are used in making the junctions [Maclagan, 1929]. 
There is a significant time change in the value of the junction potential which 
may vary considerably and inconsistently if these methods are adopted. 
Maclagan [1929] has shown that it is preferable to form the junction inside tubes 
not less than 3 mm. in diameter, thus conforming to the condition of cylindrical 
symmetry investigated by Guggenheim [1930]. Ferguson ef al. [1932] claim to 
have reproduced in wide-bore taps a KCl-HCl junction to 0-1 mv., remaining 
constant over long periods to + 0-04 mv. We have confirmed the finding of 
Maclagan, but find it inconvenient on account of difficulties with temperature 
control to use the method he recommends. The junctions were therefore made as 
described above in taps and tubes of internal diameter not less than 3mm. In 
view of the time change of the junction potential at b, 5 to 10 mins. must be 
allowed for the attainment of a steady value, in order that accurate and repro- 
ducible results may be obtained. For the purposes of calculation it is assumed 
that the potential at a when the py of solution A is greater than 3 is always 
small and is the same within the limits of experimental error [Michaelis, 1926]. 


Standardisation of the cell system. 


The discrepancies found in the values assigned to reference standards used 
in the measurement of py, are such that, whilst small differences of py, can be de- 
tected with considerable accuracy, absolute measurements cannot be established 
to less than 0-01 p,, [Clark, 1928]. The method we have used for standardisation 
of the glass electrode is based on the following considerations. If the membrane 
functions as a hydrogen electrode within the range of py, covered in our experi- 
ments, then the potential difference (Z,,) between the two sides of the membrane, 
when solutions of py, and py, are on either side, is given by 


1 RT 
En = P a —Pa) jj asaces (1), 


where F is the gas constant, 7’ the absolute temperature, and F the faraday. 
The total E.m.F. (Z) of the cell chain represented above is the algebraic sum 
of E,,, the glass potential (Z,), the liquid-liquid junction potentials at @ and 6 
and the difference, if any, between the potentials of the two half-cells. If the 
sum of the latter three factors be represented by e, then 


RT 


E= En +e= F (PH,.— Poe) tC  ————— cvevee (2), 


Pu. is constant and is taken as 1-08 [Clark, 1928]. py, varies according to the 
solution in the electrode vessel. 
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} 
. RT ‘ 
Put I, = FP Pu: + e vw aeliede 
E. is referred to as the cell constant; substituting in equation (2) 
: RT 7 
E = F Pu — PR ee ee te peat (4). 


It is desirable to determine, firstly whether the membrane does in fact 
function according to the relationship between £,, and p,, expressed in equation (1) 
and, secondly, whether the other potential differences contributing to the total 
E.M.F. of the system remain constant. These conditions are fulfilled if identical 
values for the cell constant are obtained, using a series of phosphate buffer 
solutions of known py, value. The buffer solutions were carefully prepared 
according to the method of Hastings and Sendroy [1924]. They were kept in 
the refrigerator in waxed bottles protected from contamination by CO,. We 
found that the differences of p,, as measured by the glass electrode agreed within 
the limits of experimental error with the values given by Hastings and Sendroy 
for the p,, of these buffers. When the value of #, has been determined, the value, 
pu,, of an unknown solution introduced into the electrode vessel is easily found, 
for, if the potential of the system now is #,, then 

BE, +E, ‘ 
Poe em tte (5). 
_ 
The value of FE, is best determined by using buffer solutions of reaction and 
composition similar to those of the unknown solution. The cell system should be 
standardised carefully at frequent intervals, since we find, as Stadie et al. [1931] 
also have observed, that for various reasons 2, may slowly alter. 

When 0-1. HCl is put into the electrode vessel in place of solution A, then 
E,,, = 0. The £.M.F. measured when the second quinhydrone half-cell is con- 
nected directly to this solution without the interposition of the KCl bridge is the 
glass potential #,, assuming that the two half-cells balance out exactly. If now 
the KCl bridge is introduced, the behaviour of the liquid-liquid junction may be 
studied. When the junctions are made simultaneously and in a similar manner 
they should give equal and opposing potentials, the E.M.F. of the system being 
again a measure of the strain potential. The time change of the junction can be 
investigated by remaking one junction after the other has had time to attain 
a steady value. Junctions made as described above show by this method a 
change of less than 0-5 mv., which was usually complete within 5 minutes. 

Because of the doubt as to the absolute value of the 0-1N HCI-3-5 M KCl 
junction, it is impracticable in making accurate measurements to compute the 
value of e and therefore to obtain a value for py, from the formulae 

RT 


i. = ,+¢e= p (Pus 1-08). 


The system must therefore be standardised as described above. 


The effect of temperature on glass electrode potential measurements. 


As a temperature control of the glass cell system, various workers have used 
some form of air-bath; others, Fosbinder and Schonoover [1930], Stadie et al. 
[1931] and Dubois [1932], have used some form of water-bath around part of the 
system. A copper water-jacketed air-bath, maintained at 38°, was used in our 
early experiments. Subsequently, on account of temperature fluctuations on 
opening the door of the thermostat, this was kept in a constant temperature 
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room at 35-36°. Appreciable temperature variations still occurred during 
manipulations, giving rise to unreliable potential measurements. Better results 
have been obtained by using a large completely screened cabinet (3 ft. 4 ft. 
6 in. x 6 ft.) built of zinc-covered plywood on a welded iron frame. The cabinet 
was electrically heated by screened elements controlled by a long tubular 
mercury-toluene regulator and a relay, the air being mixed by a fan driven by a 
motor fixed outside the cabinet. Operations were carried out inside the cabinet, 
e.g. the removal of blood from an arm thrust through a heat-insulated opening 
in the wall, or the cell system could be manipulated from the outside through 
two felted arm-holes. Suitable arrangements were made for lighting, transit, 
ventilation, etc. The electrical recording apparatus was set up outside the 
cabinet and was kept at room temperature. Apart from temporary disturbances 
due, for example, to entering the cabinet, it was found that the air temperature 
could be maintained at 38° + 0-2°, owing, no doubt, to the large capacity and the 
presence of a complete metal lining. The temperature of the potassium chloride 
solution in the reservoir under these conditions was 37° + 0-1°. 

Solutions kept in the air-bath were always at a lower temperature than 38°. 
It was imperative therefore to avoid surfaces from which cooling might occur. 
Even when the closed glass cell system described above was used, we found that 
potential equilibrium was only slowly attained (15 to 20 mins.). The initial 
reading for the py, of a phosphate buffer solution introduced into the electrode 
vessel from a stock kept in the air-bath in a closed vessel gave a value about 
0-02 p;, more acid than that ultimately observed when the system had come to 
equilibrium, all manipulations being carried out inside the air-bath. Only when 
the solution before introduction was slightly warmer than 38° were steady 
potential readings obtained immediately. When the temperature was raised still 
further to, say 40°, an apparent acid change was observed. 

Temperature measurements have been made of solutions inside the glass 
cell and the electrode vessel by means of small rapid reading thermometers 
graduated in 0-1° from 34 to 42°. In spite of a constant air-bath temperature of 
38°, the fluid inside the glass cell in one of these experiments eventually re- 
mained steady at 36-8°. Fluids put into the electrode vessel from a stock at 40 
gave an initial reading of the temperature of the fluid in the glass cell of 37-1°, 
falling to 36-8° in about 15 mins. Evidence was obtained that a fall in tem- 
perature occurred in the course of transference to the electrode vessel. The time 
taken for temperature equilibration was about that required for the attainment 
of potential equilibrium in previous experiments under comparable conditions. 
The apparent acid or alkaline change obtained when, from the E.M.F. measure- 
ments, values for the hydrogen ion concentration were calculated, assuming a 
uniform temperature of 37°, was therefore shown to be due to the temperature 
anomalies. The size of these changes for given solutions can be calculated by 


substitution in the formula H = > (pu, — Pu.). Suppose py, = 1-08 and py, of 
a phosphate buffer solution is 7 ; at 37° then, allowing for a fall of 0-029 p,, in the 
phosphate solution for 18° rise [Hastings and Sendroy, 1924], 

Boy — Egg = + 1-2 mv. (= 0-02 py). 


Irregular temperature changes may follow fluctuations in the air-bath tem- 
perature. The components of the system are affected unevenly on account 
of differences in volume of the fluids concerned and the surface area of the 
containing vessels. The total E£.M.F. is altered, since, in addition to the factor 
discussed above, the E.m.F. of the half-cells may differ by 0-00074 volt for 
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1° difference of temperature [Biilmann and Jensen, 1927]. The time lag of these 
changes in the case of both fall and subsequent rise was found to be considerable. 
The temperature and therefore the E.M.F. of the half-cell may be directly affected 
by the solution in the electrode vessel if the fluid immediately surrounding the 
platinum electrode is involved. Repeated washing of the membrane can be 
shown to produce potential variations in the same way. Dubois [1932], however, 
attributes the potential changes after washing to an electrical charge on the 
membrane caused by friction and dielectric absorption. The effect of temperature 
variations on liquid-liquid junction potentials is unlikely to be of practical 
significance in view of the results of Prideaux [1928]. Experiments have been 
made proving that the drifts of potential we described were not due to the time 
change of liquid-liquid junction potentials. 

The foregoing considerations are of importance in relation to the so-called 
‘acid change” in freshly shed blood described by Havard and Kerridge [1929]. 
Further details of this work on the measurement of the p, of blood will be 
presented when a method now under investigation for making rapid and accurate 
measurements on small quantities of fluid is fully developed. It may be stated 
here without further comment that the results of Havard and Kerridge can be 
explained on the grounds of inadequate temperature control and that we have 
been unable to obtain any evidence of an “‘acid change”’ in blood of the type 
obtained in their experiments. 


SUMMARY. 


A detailed description is given of the design and construction of a glass 
electrode system. 

Several possible sources of error are described and discussed, and the con- 
ditions necessary for obtaining consistent and accurate results have been in- 
vestigated. 

Careful temperature control is shown to be of considerable importance. 
Measurements made of the hydrogen ion concentration of buffer solutions 
may show apparent acid and alkaline changes due to temperature variations. 
Reference is made to the importance of these factors in the interpretation of 
the so-called “‘acid change’ in blood. 
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THE purpose of this investigation was to establish a reliable and accurate method 
for the quantitative determination of small amounts of iodine. The following 
procedure has been elaborated. 

A weighed amount of normal whole blood, up to 10 cc., is placed in a nickel 
crucible of 50 cc. capacity, together with 2 g. of potassium carbonate (Merck’s 
Blue Label). The crucible is placed directly in an electric muffle furnace heating 
to 500° in 30 minutes. Then the oven is adjusted to maintain this temperature, 
as indicated by a thermometer. Heating is continued for 4 hours. The charred 
mass is broken up and finely ground with a spatula, care being taken to retain 
every particle in the crucible. Depending on the amount of ash present, water 
is added to form a pasty mass such as will fall away from the side of the crucible. 
This paste is extracted with 95 % alcohol 4 times, using 7 cc. each time. The 
extracts are passed through a filter paper (Whatman No. 5, 7 cm.), the filtrate 
being caught in a round-bottomed pyrex dish of 30 ce. capacity. This alcoholic 
solution is evaporated to dryness on an electric hot plate layered with asbestos, 


boiling being carefully avoided. The dry residue is now taken up with 1 cc. of 


water and transferred to a tube of diameter 1 em. and length 2-5 em., in which 


are placed 10 or 12 small capillary tubes sealed at the upper end. The solution 
is made slightly acid with 0-1 V H,SO,, a micro-drop of a saturated aqueous 
solution of methyl orange serving as an indicator. In order to oxidise the 


potassium iodide to iodate, 4 drops of a freshly prepared aqueous solution of 


bromine are added. The tubes are placed directly in contact with an electric 
hot plate. The capillary tubes ensure regular and steady boiling. The solution 
is boiled for 1 minute. 20 seconds after the initiation of boiling, the yellow 
colour of the bromine disappears. The tubes are immediately placed on ice. 
A small drop (0-02 ec.) of a potassium iodide solution containing approximately 
100 of iodine is added. Iodine is liberated to 6 times the amount originally 
present. One drop of starch solution is added and the solution titrated to 
colourless using 0-01 N sodium thiosulphate in a micro-burette. (150 divisions 
of thiosulphate from the micro-burette used were equivalent to 1-08 y of original 
iodine. ) 

It has been found, using the above method, that blood of rabbits under 
standard laboratory conditions contains 8-00y of iodine per 100 g. Normal male 
human beings for this region showed blood-iodine contents of 6-50 to 9-00y 
per 100 g. 


The method is also applicable to the determination of the iodine content of 


urine and other body fluids. 
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The lack of unanimity of opinion on this subject indicates that a satisfactory 
method had not yet been established. Two factors are possibly involved: the 
limitations of the methods themselves, and the inability of one investigator to 
interpret accurately and repeat the prescribed technical procedure of another. 
However, it is hoped that this simplified technique, as detailed above, will 
permit repetition with satisfactory results. 


DIscussION. 


The ashing process may be employed either with an acid or alkaline medium. 
Using acidification, the ashing must be carried out in a closed system, which 
makes it very complicated, and for this reason acidification was not used in 
this investigation. Pfeiffer [1928] employed the acidification method, which 
was later modified by Glimm and Isenbruch [1929] and has more recently been 
used by Baumann and Metzger [1932]. 

Von Fellenberg [1923] used the alkaline method, but noted that ashing carried 
out under certain conditions resulted in a loss of iodine. The work of Héjer 
[1928] and of Jochmann [1928] is of considerable importance in that they 
demonstrated the necessity of carrying out the ashing at a constant temperature. 
Scheffer [1930] also showed that the volatility of iodine in the presenée of organic 
material was increased in the absence of alkali. Obviously, the ashing tem- 
perature should not exceed the melting-point of potassium iodide, which for 
the pure substance is 680°. The above observations indicated that in ashing, 
two conditions should be fulfilled: (2) a constant ashing temperature not above 
500°; (b) the presence of excess alkali. As suggested by Scheffer [1930], reported 
by Allot, Dauphinee and Hurtley [1932] and confirmed in this study, organic 
matter containing iodine could be burnt in the presence of potassium carbonate 
without loss of iodine. For the first condition, an electric muffle furnace fitted 
with an adjustable rheostat was found satisfactory. Potassium carbonate was 
used as alkali. 

Roman [1929] reported that the complete ashing of the blood was not 
necessary for the complete extraction of iodine. The iodine in the carbon-con- 
taining ash is capable of extraction with alcohol, but it needs to be emphasised 
that water must be present for the complete extraction of iodine. Scheffer [1930] 
and Turner [1930] illustrated this experimentally. In the present investigation, 
when absolute alcohol alone was used in extraction, a recovery of only 60 % 
was found, whereas with added water complete extraction was obtained. In 
evaporating the alcohol, boiling should be avoided, a point not universally 
recognised. 

The final estimation of iodine may be carried out colorimetrically or titri- 
metrically. For the colorimetric method the iodine is changed into the elemental 
form and then mobilised in chloroform or carbon tetrachloride. Realising the 
limitations of the colorimetric procedure [Turner, 1930], it was considered 
desirable to develop the titrimetric method. 

Chlorine [Veil and Sturm, 1925], potassium permanganate [Roman, 1929] 
and bromine [Leitch and Henderson, 1926] have been used as agents to oxidise 
the iodide to iodate. Any oxidising agent would be suitable, provided that the 
excess could be neutralised or driven off and thus not interfere with the later 
stages of the titrimetric procedure. A saturated aqueous solution of bromine was 
found most suitable since the excess could readily be removed by boiling. As 
recognised by Reith [1929], the bromine water, to be efficient, must be prepared 
freshly each day. The time of boiling must be carefully regulated, since excessive 


68—2 














H. J. PERKIN 





1080 


boiling leads to a loss of iodine. As reported by Allot, Dauphinee and Hurtley 
[1932], boiling for longer than 2 minutes involves a loss of iodine. 

It was found that a definite ratio must exist between the iodine of the iodate 
and the potassium iodide added in order to obtain a true starch blue colour. 
This ratio was found to be approximately 1: 100. Variations from this ratio 
produced a purple-red coloured solution, the colour of which did not always 
disappear at the true end-point. This phenomenon has been described at some 
length by Reith [1929] and Allot, Dauphinee and Hurtley [1932]. On this basis, 
a knowledge of the approximate amount of iodine present in an unknown 
material assists in its accurate estimation. 

The sharpness of the end-point increases with a corresponding decrease in 
the volume of the solution and with an increase in concentration of the thio- 
sulphate used in titration. To limit the error involved in the first instance, the 
final volume was arranged not to exceed 1-5 cc. To limit the second factor 
a micro-burette was made from a 300° thermometer, the bore of which was 
uniform throughout its length. The upper end of this burette was bent to form 
an inverted U, the end of which could be immersed in the solution to be titrated. 
The level of the thiosulphate in the burette was controlled by a mercury sac 
containing a screw on the lower end of the burette. 0-01 N sodium thiosulphate 
was used and prepared freshly each day from a 0-1 N stock solution. Each 
10 divisions of the burette delivered a volume of 0-321 mm.* A definite blue 
colour could be detected and could be accurately discharged with thiosulphate 
on 0-2y of iodine. One drop of a 1% starch in saturated sodium chloride 
solution served as an indicator. By these means the titration error was reduced 
to a minimum. Air, bubbling from a fine tip, was used for stirring, too much 
bubbling being avoided, since it was found to drive off iodine. The point at 
which the blue colour did not return in 15 minutes was considered to be the 
true end-point. 

Blank determinations using 10 cc. of water in place of blood showed con- 
sistent values of 0-2y iodine. ly of iodine added, as inorganic or organic iodine, 
could be recovered to 96 %. When similar amounts were added to whole blood 
of a known iodine content, they could be recovered to 94 °%. Therefore, the 
error of the method was less than 10 %. 


SUMMARY. 


\ modified technique has been devised for the quantitative determination 
of iodine, in quantities such as are present in blood. 

This method has an error of less than 10 %. 

Contamination must be carefully avoided in micro-estimations of iodine. 

Strict adherence to an established technique is essential. The results secured, 
if not strictly quantitative, are at least comparable. 


I wish to take this opportunity of expressing my gratitude to Dr E. J. King 
and Dr F. G. Banting for their constructive criticism and helpful suggestions 
during the course of this investigation. 
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BACTERIOLOGISTS have long used gas or acid production from a series of sugars 
for the identification of bacteria. Conversely, there are systems, or partial 
systems, of identification of sugars based on the fermentative action of different 
organisms [Castellani and Taylor, 1917; 1919; 1922; Kendall, 1923; Kendall 
and Yoshida, 1923]. 

From a qualitative standpoint such reactions may have been satisfactory; 
quantitatively, their application has not been always successful. Early criti- 
cisms of these methods have been made by MacLeod [1921] and Hést and 
Hatlehol [1920]. 

Two improvements have, however, rendered sugar estimation by living 
organisms less subject to error. Hiller, Linder and Van Slyke [1925] used a 
large amount (approximately 250 mg.) of baker’s yeast to ferment the sugar 
in l ce. of blood, the optimum time of incubation necessary to produce the 
greatest diminution in reducing power being 20 mins. at 38°. Somogyi [1927] 
washed the yeast until free from reducing substances, prior to its use. Since 
then there have been many variations in the determination of “fermentable 
sugar’’ by yeast, but all depend on the employment of a large amount of washed 
yeast, a small amount of sugar and a short period of incubation. It is possible, 
however, that we may require sharper definitions of the volumes and nature of 
the interacting cells and fluid. Thus Schrumpf [1932] denies the possibility of 
the separation of glucose and galactose by yeast, and suggests that the non- 
fermentable portion of “‘blood-sugar”’ is a secondary product of the yeast on 
the glucose. 

Raymond and Blanco [1928, 1] found that fructose, mannose and sucrose 
are partially removed from solution by baker’s yeast under conditions favourable 
to the complete removal of glucose, whilst galactose, arabinose, xylose and 
dihydroxyacetone are untouched. Harding and Grant [1931] showed that if 
baker’s yeast is acclimatised to ferment galactose, it can then be used to remove 
galactose from solution under conditions analogous to the estimation of glucose 
by the original yeast. Saccharomyces marxianus [Harding, Nicholson and Grant, 
1932-33] which also ferments galactose, has been found useful as an analytical 
reagent for the same sugar; moreover, this yeast does not possess the power 
either to ferment or remove maltose. 

These results make clear the existence of a connection between the fermen- 
tative action of a yeast, and the ability of the same yeast to act as an analytical 
reagent under specified conditions. The present paper shows that the principle 
is capable of further extension, and it seems within the bounds of possibility 
that a complete system of analysis of carbohydrate mixtures may ultimately 
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be devised. We have been able to analyse a mixture of — fructose, galact- 
ose, maltose, lactose and sucrose within an error of 7 %, using the limited 
number of biological reagents as yet available. Such sited of analysis are 
particularly valuable when only small amounts of sugar are available. 

In attempting to extend the use of biological reagents to the quantitative 
removal of sugars from dilute solutions in this manner, we have turned naturally 
to those yee asts and bacteria which have already proved useful in the qualitative 
detection of sugars. We thus have examined a series of Monilia species (kindly 
supplied to us by Sir Aldo Castellani) and a number of strains of Proteus vulgaris. 
From these we have selected a few which seem valuable from our point of view. 

The use of pure strains of organisms becomes a necessity if precise and 
reproducible results are to be obtained. The experience of Harding and Grant 
with galactose-acclimatised baker’s yeast, which shows a variable action towards 
maltose, and the even more variable action towards maltose of Fleischmann’s 
baker’s yeast, as shown in this paper, illustrates this necessity. 


EXPERIMENTAL METHODS. 


Sugars were bought as pure and twice recrystallised. Approximately 0-1 % 
aqueous stock solutions were made, and from these were prepared the various 
mixtures and dilute solutions used in the experiments. The reducing values 
before and after the action of the yeast under examination were determined on 
2-0 ce. of the sugar solution + 2-0 cc. of a modified Shaffer-Somogyi copper 
reagent, heated for 10 mins. in a rapidly boiling water-bath [Harding and 
Selby, 1931; Harding and Downs, 1933]. As far as we know any sensitive 
copper or ferricyanide solution can be used. 

The cultural conditions of the Proteus vulgaris and the Monilia species are 
given under separate headings. Those of Saccharomyces marxianus have already 
been published [Harding, Nicholson and Grant, 1932-33]. 


Fermentation and removal power. 


To signify the loss in reducing power suffered by a sugar solution when 
treated with a large excess of a yeast for a short pe riod of time, we have in this 
and previous papers used the term “removal.” Hiller, Linder and Van Slyke 
used the term “‘fermentation.’’ Benedict [1928] also selected this term, though 
so far no evidence has been presented that under the particular conditions of 
the reaction the processes usually designated as alcoholic or acid fermentation 
are actually responsible for the removal of the sugar. Raymond and Blanco 
[1928, 1] used the terms “‘adsor ption”’ and [1928, 2] “disappearance,” the latter 
term denoting our lack of precise knowledge of this phase of yeast action. The 
closeness of the connection, however, between fermentative ability and removal 
power can be seen by a comparison of the removal power of the organisms on a 
series of sugars, shown in Table I, and the gas or acid production as shown in 
Footnote to Table I 

The main lack of correlation between fermentation and removal power is 
with galactose. There is no gas or acid production by M. pinoyi, yet 100% 
remo val is effected. P. vulgaris is inert ferme ntatively, yet galactose suf flers 
a small removal loss. M. krusei, which produces neither gas nor acid from 
galactose, and does not remove any galactose from solution when the sugar 
concentration is 20 mg./100 cc. or less, removes a small percentage when the 
sugar concentration is 50 mg./100 ce. This is not true of the action of M. krusez 
lactose or arabinose. Both S. marxianus and M. macedoninensis 








on maltose, 
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Table I. Showing percentage removal by some organisms of a series of sugars. 


Washed Incu- 


wet- _ bation 
weight time Gluc- Fruct- Mann- Galact- Malt- Lact- Arabin- Xyl-  Sucr- 
Organism g. mins. ose ose ose ose ose ose ose ose ose 
Proteus vulgaris 0-75 30 100 0 0 21 0 0 0 i) 0 
Monilia krusei 0-5 30 100 99 100 0 0 0 0 _ 0 
Saccharomyces marxianu 0-5 30 100 100 100 100 0 0 0 0 100 
Monilia t opicalis 0-5 20 100 100 100 28 100 0 0 0 5 
Monilia pinoyi 0-5 30 100 93 90 69 100 0 0 —_— 0 
0-75 30 100 99 100 80 100 0 0 — 0 
= 1-0 30 100 100 100 100 100 0 0 — 0 
Monilia macedoninensis 0-5 30 100 100 100 21 0 0 0 —_ 100 





The removals have been carried out in neutral aqueous solution. 


Footnote to Table I. 


The gas or acid production was determined on a sterile 1 °% solution of the pure sugar in 
peptone broth by the usual bacteriological technique. 


Proteus vulgaris. Glucose: acid 12 hours, gas 72 hours. Fructose, mannose, galactose, maltose, 


lactose, arabinose, xylose, sucrose: no acid or gas in 72 hours. 


M. krusei. Glucose, fructose, mannose: acid and gas 12 hours. Galactose, maltose, lactose, 
arabinose, xylose, sucrose: no acid or gas in 72 hours. 

S. marxianus. Glucose, fructose, mannose, galactose, sucrose: acid and gas 12 hours. 
Maltose: acid in 48 hours, no gas in 72 hours. Lactose, arabinose, xylose: no acid or gas in 
72 hours. 

M. tropicalis. Glucose, fructose, mannose, maltose: acid and gas 12 hours. Sucrose: acid 
12 hours, gas 72 hours. Galactose, lactose, arabinose, xylose: no acid or gas in 72 hours. 

M. pinoyi. Glucose, fructose, mannose: acid and gas 12 hours. Maltose: acid 12 hours, gas 
48 hours. Galactose, arabinose, xylose, sucrose: no acid or gas in 72 hours. 


M. macedoninensis. Glucose, fructose, mannose, sucrose: acid and gas in 12 hours. Maltose: 
» 


acid in 12 hours, no gas in 72 hours. Galactose, lactose, arabinose, xylose: no acid or gas in 72 hours. 
slowly produce acid from maltose, but no gas in 72 hours, and neither shows 
removal power under our conditions. An alteration in properties is also to be 
noted in another section of the present paper where ordinary baker’s yeast is 
found to have a removal action on maltose in a concentration of 20 mg./100 ce. 
but not at 10 mg./100 ce. 

With the exceptions just noted, the removal power of a yeast, however, 
appears to be a function parallel with its rapid fermentative ability. Yet we 
hesitate to identify completely the two properties, quite apart from the fact 
that the galactose removals can be taken as evidence of the existence of an 
action other than fermentation. The removal of glucose can be extraordinarily 
rapid, so rapid indeed, that Somogyi [1927] at first considered the reaction as 
instantaneous. In all our experiments, 8 mins. has been sufficient to ensure the 
removal of 2—5 mg. of glucose by 250 mg. yeast at 38°. Fructose and mannose, 
which generally go through the same fermentative processes, require a much 
longer time to effect their complete removal, though by far the greater part of 
the removal is effected in the first few minutes. In this connection we would draw 
attention to the finding of Slater and Sand [1910] that the rate of entrance of 
glucose into the yeast cell is always more than sufficient (in presence of excess 
sugar) to maintain the maximum rate of fermentation. It seems to us a possibility 
that the sugar removal as shown under our analytical conditions may be as- 
sociated with this rapid entrance into the yeast cell preliminary to the true 
fermentation process. 

It is important to draw attention to the sharpness with which sugars can 
be separated by these methods. Not only is there a complete removal of the 
fermentable sugar, but there is no diffusion of the non-fermentable sugar in the 
yeast layer. Somogyi [1927] first noticed this, and it is illustrated by many 
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experimental figures in this paper. Van Slyke and Hawkins [1929] put this part 
of the technique severely to the test, when they incubated a 1:5 Folin-Wu 
blood-filtrate (previously treated with a small amount of yeast to remove the 
glucose) with an equal volume of centrifuged washed yeast, and found no 
alteration in the concentration of the residual non-fermentable substances. 
This, they found was not true of urine, though Harding and Selby [1931] and 
West and Peterson [1932] have been unable to confirm the removal of non- 
fermentable substances from urine under their own conditions. 


The use of Proteus vulgaris as a reagent for glucose. 
om e e 


From the results of Table I it appears that Proteus vulgaris can be a valuable 
reagent for glucose. Our strain possesses neither fermentative ability nor re- 
moval power towards fructose, mannose and sucrose, and it would be in this 
field that it would prove most useful. The separation of glucose from sugars 
other than these, can be effected by many yeasts which are much more easily 
handled than this bacterium. However, the importance of glucose in the mam- 
malian organism, and the value of a method for quantitatively separating this 
sugar from fructose and mannose, warrant the use of this bacterium as a sugar 
reagent, difficult as we have found the practical details of its application. Castel- 
Jani and Taylor [1917; 1919; 1922] had previously reported Monilia balcanica 
as a specific gas-producer from glucose, but this organism is no longer available. 


Strain. Of the three strains available from the American Type Culture Collection and three 
strains from the Department of Bacteriology of this University only one of the latter proved 
suitable. This particular strain was isolated 7 years ago by Prof. Holman. It has retained the 
same sugar-removal properties during the 2 years’ work in this Department. 

Culture. The bacteria are grown on 2 % neutral glucose-peptone broth for 24 hours at 38-0°. 
One loopful is transferred to a corner of 2 % neutral glucose-agar surface contained in a 26 oz. 
flat narrow-necked bottle and incubated for 24-36 hours at 38-0°. The growth is characteristic, 
spreading very rapidly from the inoculation corner over the whole agar surface. This habit of 
vigorous surface spread has assisted greatly in keeping a pure strain. The growth is washed off 
with 10 cc. distilled water for each bottle?. 

Separation. The bacteria can be separated from 1-2 cc. of liquid by the ordinary centrifuge 
at 3500-4000 r.p.m., but, with larger amounts of fluid there is always a considerable suspension, 
even after prolonged centrifuging. Pressure filtration through Seitz bacterial filter-pads, through 
Berkefeld or cellophane filters has proved too slow. The use of the Seitz pads, in addition gave 
products containing large amounts of reducing substances. The angle centrifuge of Lundgren at 
3500 r.p.m. separated the bacterial suspension in 5 mins. Neither the ovoid glass centrifuge-tubes 
supplied by the manufacturer nor similar tubes made of pyrex glass proved satisfactory. Finally, 
thick aluminium tubes, made locally, were found serviceable. The lack of visibility inside these 
tubes was not found to be a hindrance. 

Washing and yield. After the first centrifuging, the packed bacteria are stirred with 10 ce. 
distilled water and re-centrifuged. This is repeated 4 or 5 times. Usually the bacteria are then 
free from reducing substances. This method of washing is essential if, at the end of the action 
on the sugar solution, the bacteria are to be removed by centrifuging only. If, however, this 
latter removal is to be accomplished by filtration through kieselguhr it is sufficient to carry out 
only the first separation and one subsequent washing. From 1-0 to 1-5 g. of washed packed 
bacteria are obtained from each 26 oz. bottle. 

Stability. The washed bacteria in 50 % suspension in water have shown variable stability. 
Some preparations kept at 4° have remained constant in their glucose-removal power for 4 days. 

1 The organism is kept in the same tube of broth culture for one week. Each week a loopful 
is transferred to an agar plate and re-transferred to broth after 24 hours. A stock culture is kept 
on an agar slant in a sealed test-tube and is transferred from agar to broth and back to agar 


once a month. 
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Other samples in the same length of time have altered, not only in glucose-removal power but in 
specificity. We have used the organisms within 12 hours of preparation. 

Estimation of glucose. 1-5 cc. of 50 % suspension of the Proteus preparation are centrifuged 
in the aluminium tubes, the supernatant liquid poured off and adherent moisture removed from 
the tube by filter-paper. 10 cc. of the neutral sugar solution to be tested, containing not more 
than 1-5 mg. glucose are added, and the mixture stirred with a thin glass rod at 38° for 30 mins. 
The solution should now be at py 6-0-6-5 due to acid formation. 0-1 g. solid KH,PO, is added if 
this is not attained. (In acid solution the bacteria flocculate rapidly and are more readily removed 
by centrifuging.) The greater part of the bacteria is then removed by a short period in the 
angle centrifuge. The removal of the last few cells must be accomplished separately by one of 
three methods. (a) By use of the thin high efficiency centrifuge-tubes supplied with the high 
angle centrifuge by the manufacturer. These tubes, if protected by rubber coverings, are satis- 
factory. The tubes hold only 5-7 cc. however, and in consequence a considerable time may be 
spent in this second centrifuging, if some 40-60 cc. liquid must be handled. (b) By filtration 
through a Berkefeld candle. This takes about 2 hours for 40-60 cc. liquid, but requires no attention. 
(c) By filtration through a layer of coarse kieselguhr on a small Biichner filter-plate. The kieselguhr 
is previously washed with HCl. Filtration is rapid, and if a considerable volume of liquid is 
available, this offers the best method for the removal of bacteria. The filtrate is bacteria-free, 
as tested by cultures, and sugars pass quantitatively. It is not possible to dispense with the first 
centrifuging, for if too many bacteria are present, the layer of kieselguhr clogs. 

If the centrifugate or filtrate from (a), (b) and (c) contains ammonium salts, they are removed 
at this stage [Harding and Downs, 1933]. The reducing value of the sugar solution before and 
after Proteus action! is determined, using the requisite water controls. The difference between 
total and residual sugar represents glucose, in absence of galactose. 

Action on galactose. The maximum removal of galactose we have observed is 27 % of a 
20 mg./100 ce. solution, using 0-75 g. bacteria on 10 cc. of the neutral aqueous sugar solution 
for 30 mins. Using the same volume of sugar solution, bacteria and time of incubation, as under 
the previous subsection, we can estimate glucose in presence of galactose, following the summary 
of directions in the final section of this paper. 

Action on urea. Different strains of Proteus vulgaris have been found to possess hydrolytic 
action on urea, producing ammonium carbonate [Day et al., 1930]. 0-75 g. of wet-weight washed 
bacteria of our strain hydrolyses 10 ce of a 250 mg./100 cc. urea solution to approximately 50%. 
Such amounts of ammonia have been shown to lead to low results in sugar estimations [Harding 
and Downs, 1933]. As the conditions of the urea solution simulate a 1 in 10 diluted urine it 
becomes imperative, either to remove the urea, or to remove the NH, formed by its decomposition, 
before attempting sugar determinations by means of Proteus. 

Recently Larson [1932] has discussed the problem of urea and NH, removal in presence of 
sugars without arriving at a satisfactory conclusion. We examined the removal of urea from urines 
by the use of HgSO, followed by either Na,CO, or BaCO, [West and Peterson, 1932]. Even a 
second treatment with the mercuric salt still left sufficient urea to act as a source of NH,. The 
use of urease followed by permutit required such large quantities of reagents as to render the 
process impracticable for our method of sugar determination. Permutit, after the action of 


r 
Proteus, gave high sugar recoveries. The removal of NH, as Mg(NH,)PO, by the addition of 
I H,PO, followed by MgO was found satisfactory after Proteus [Harding and Downs, 1933]. 
{nalysis of glucose, fructose and sucrose. This mixture of sugars is important, both com- 
mercially and biologically. Given sufficient material the determination of the reducing power, 


l after hydrolysis, together with the rotation of the mixtures provide data for the 





Given material amounting to only a few mg. per 100 cc. analysis by the above methods 
becomes impossible. Using the data of Table I, we find that Proteus vulgaris removes glucose, 
and leaves fructose and sucrose; Monilia krusei removes fructose and leaves sucrose. The 


sucrose can then be hydrolysed by dilute HCl, the solution neutralised, and the total invert 


+ In sugar determinations following the use of Proteus, and using the reagent detailed by 
Harding and Downs, it is essential that the I liberated from the KI be allowed to stand in 
contact with the Cu,O for at least 3 mins. with occasional agitation before proceeding with the 
thiosulphate titration. 
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sugar determined by M. krusei, or the glucose and fructose estimated separately by Proteus 


vulgaris followed by M. krusei. 
The details of an analysis of a known mixture of glucose, fructose and sucrose are shown 
in Table IT. 


Table II. Showing the details of an analysis of glucose, fructose and sucrose 


Glucose 10mg. { =]- 72) 
Fructose 10 ,, 100 ce.4 =1-69 - =3-41* ec. 0-005 N I for 2-0 cc. solution 
Sucrose 10 ,, | =0- 00} 
ee. 0-005 N I for 
2-0 ce. solution 
(1) Total reduction found 3°41 
(2) Reduction after ae nF 1-70 
3°41 —1-70=1-71=10 mg. glucose remove 1d by Prote Us 
(3) Reduction after M. kruset os as ae 0-01 
1-70 —0-01 = 1-69 =10 mg. fructose 1 remov ed by WM. kruset 
(4) Add 0-01 ce. NV HCl to residual from (3) after removal of VM. krusei. 
Heat 30 mins. in boiling water-bath. Add 0-01 cc. N NaOH. 
Total reduction i ase oc = ows was 1-83 
(5) Reduction after Proteus action on (4) me aa 0-91 
1-83 — 0-91 =0-92 =5-3 mg. glucose removed by Prote us 
0-01 


(6) Reduction after M. krusei on (5) 
0-91 — 0-01 =0-90 =5-3 mg. fruc tose ‘Temoved by ‘M. krusei 
(7) Equimolecular mixture of glucose and fructose =10mg. sucrose in 
analysis mixture. 
The amounts of wet weight washed organism and the time of incubation are those of Table I. 
* Data from Table I [Harding and Downs, 1933]. 


This analysis is successful in absence of mannose. While mannose does not usually occur in 
natural mixtures containing glucose, fructose and sucrose, its absence should be established 
in those of unknown origin. We have found, so far, no biological method for the separation of 
fructose and mannose. Incorrect results will also be obtained in presence of maltose, as this 
sugar is partially hydrolysed by the acid. 

Under these circumstances either the amount of sucrose can be calculated from 
fructose produced by hydrolysis, or the maltose can be removed by M. pinoyi pre vious to 
hydrolysis. We have obtained satisfactory results by either method. In the presence of galactose 
a full analysis must be conducted according to the scheme given in the final section. 

Application of Proteus to wrines. Fasting human urine is cleared with H,SO, and Lloyd's 
reagent [Folin and Berglund, 1922; Hamilton, 1928; Harding and Selby, 1931] with a final 
dilution of 1:10. The NH, is removed by KH,PO, and MgO, and the total reduction determined. 
25 ce. of the Lloyd filtrate are now brought to py 7-0 by one or two drops of 25 % NaOH. 10-0 ce. 
of this are added to 0-75 g. wet weight washed Proteus in the aluminium centrifuge-tube and 
incubated 30 mins. at 38° with stirring by means of a thin glass rod. 0-5 g. KH,PO, is then 
added, the main portion of the cells removed by the high angle centrifuge, and the remainder 
by filtration through kieselguhr. The NH, is now removed by the addition of 0-75 g. MgO with 
agitation for 30 mins. The solution is brought back to py 6-5 by H,SO,, and the residual sugar 
determined. The difference between the two determinations gives glucose in the known absence 
of galactose. Table III shows the action of Proteus in removing added glucose and its inertness 
towards added fructose, mannose, maltose, arabinose and xylose. We have also used Proteus 
vulgaris on urines cleared by HgSO,-BaCO, [West and Peterson, 1932]. We have sometimes 
found a continued action of the Proteus urease after centrifuging and the KH,PO,-MgO treat- 
ment. The urease is destroyed in acid solution by a few minutes’ heating at 70—80°. 

It will be noted that Table III shows apparent small amounts of glucose (a—c) as present in 
normal fasting urine, whereas Harding and Selby [1931] had been unable to find any fermentable 


sugar in most specimens. 


the 
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Table III. Showing the action of Proteus vulgaris on urine and on urine 


Added 

sugar 
Fructose 
Arabinose 
Lactose 
Maltose 
Galactose 
Glucose 
Xylose 


Mannose 


with added sugar after treatment with Lloyd’s reagent. 


Value of 


Reducing Reducing added teducing Reducing 
value of value of sugar in value of value of Added 
urine urine+sugar urine urine ’ urine+sugar sugar 
after NH. after NH; after NH; (a) after Urine- (>) after after 
removal removal removal Proteus sugar Proteus Proteus 
(a) (>) (b) -(a) (c) (a)—(¢) (d) (d)—(e) 
1-04 2-80 1-76 0-84 0-20 2-61 1-77 
0-73 2-05 1-32 0-40 0-33 1-72 1-32 
0-65 1-29 0-64 0-49 0-16 1-13 0-64 
0-83 1-52 0-69 0-45 0-38 1-13 9-68 
0-90 2-11 1-26 0-42 0-48 1-62 1-20 
0-97 2-74 1-77 0-73 0-24 0-73 0 
0-89 2-17 1-28 0-48 0-41 1-74 1-26 
1-04 2-10 1-06 0-64 0-40 1-69 1-05 


re- 
moval of 
added 
sugar 
0 
0 
0 
0 
4 
100 
0 
0 


The above values are expressed as ec. of 0-005 N I for 2-0 cc. urine (1:10) filtrate. 
For mg. added sugar see Table I [Harding and Downs, 1933]. 


Application of Proteus to Folin-Wu blood-filtrates. The method given for the estimation of 
glucose in aqueous solution can be applied to Folin-Wu blood-filtrates. The values obtained with 


two samples of dog’s blood and six normal human fasting bloods as shown in Table IV differ in 


Table IV. Comparison of sugar removal by ordinary yeast and by 


Proteus vulgaris from Folin-Wu blood-filtrates. 





Residual Residual 
reducing reducing 
Blood Total reducing substances substances Glucose 
No. substances after yeast after Proteus mg./100 ce. 
Dog 1 1-98 0-45 0-44 88 
2 1-61 0-27 0-28 77 
Man 3 1-57 0-28 0-31 73 
1-70 0-35 0-33 78 
D 1-72 0-35 0-33 79 
» © 1-71 0-34 0-33 78 
ey 1-84 0-40 0-40 83 
8 1-52 0-40 0-39 66 
Figures represent cc. 0-005 N I for 2 cc. blood-filtrate. 
Table V. Separation of glucose and non-glucose sugars from 
fermented Folin-Wu blood-filtrates. 
Value for Value after Value after added 
residual added non- non-glucose 
reduction glucose sugar + added Value after Added non-glucose 
after yeast sugar glucose Proteus sugar 
0-31 0-39 2-07 0-42 Fructose 
0-34 0-40 2-21 0-41 Maltose 
0-40 0-46 1-79 0-44 Mannose 
0-42 0-65 2-37 0-66 Lactose 
0-42 0-87 2-53 0-88 Arabinose 


no wise from those ordinarily accepted. If “fermentable sugar”’ is determined by 
baker’s yeast, using 0-25 g. of wet weight yeast for 8 mins. at 38° for 10 cc. of the same Folin-Wu 
blood-filtrate, the values are identical with those obtained by the use of Proteus. Table V shows 
in a similar manner the recovery of glucose added to Folin-Wu blood-filtrates previously fer- 
mented by ordinary yeast, and the inertness of the reagent to small added amounts of fructose, 


mannose, maltose, lactose and arabinose. The closeness of the residual reduction figures after 





Figures represent cc. 0-005 N 1 for 2 ec. blood-filtrate. 


ordinary washed 


ey 


i 
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Proteus and after baker’s yeast supports the use of the latter as a reliable reagent for glucose in 
normal bloods. In nephritic bloods with a high amount of urea, the use of Proteus for the deter- 
mination of glucose without removal of NH; would lead to serious error. 


The use of Monilia tropicalis for the estimation of maltose. 


Maltose can be identified by its rotation, reducing power and osazone. These 
also supply data for its determination. In presence of other sugars or reducing 
material, and in small quantities, its estimation becomes one of difficulty. 
Barfoed’s solution estimates monosaccharides in presence of disaccharides 
[Legrand, 1921; Tauber and Kleiner, 1932-33]. If the only disaccharide present 
is maltose, the difference between the monosaccharide reduction and the total 
reduction gives a measure of the maltose, but such estimations are obviously 
limited in application. Archbold and Widdowson [1931], in studying the sugar 
changes during apple storage, have utilised the differing rates of oxidation by 
Hanes’s [1929] ferricyanide solution, and by hypoiodite, for the simultaneous 
estimation of maltose and glucose. Smith [1932] has made use of the increased 
reducing power on hydrolysis as a basis of estimation of the same two sugars. 

We have found no yeast which possesses a fermentative action on maltose 
alone. In Table I, however, are listed four organisms without any action on 
maltose and two organisms capable of its quantitative removal. Either of these 
last two (M. pinoyi or M. tropicalis), could be used as an analytical reagent. 
Of the two, M. tropicalis is the more active. (0-5 g. of the centrifuged freshly 
grown and washed cells remove 2-3 mg. maltose from 10 cc. liquid in 8 mins. 
at 38°.) Its action is slower on fructose and mannose, requiring 20 mins. for 
complete removal of the same quantity. 1. pinoyi requires 30 mins. incubation 
to remove the same amount of maltose and is not quantitative in its action on 
fructose and mannose under the same conditions. MM. tropicalis is thus pre- 
ferable, though M. pinoyi may be used to separate maltose and saccharose. 
If M. tropicalis is preceded by any one of the four organisms having no removal 
action on maltose (Proteus vulgaris, M. krusei, M. macedoninensis, or S. marxi- 
anus) other sugars may be partially or completely removed. The use of 
S. marxianus followed by M. tropicalis gives a method specific for the estimation 
of maltose. 


Culture and preparation. Inoculate a 2 % glucose-peptone broth, phosphate-buffered to py 5-5, 
with the organism, and incubate for 24—48 hours at 38°. Place 5-7 ce. of the 24-hour broth culture 
on 2 % neutral glucose-agar in a 26 oz. narrow-necked bottle, and grow for 24 hours at 38°. Wash 
off the growth with distilled water. Centrifuge at 1500-2500 r.p.m. Wash several times with 
water until the washings are free from reducing material. Yield, about 2 g. wet-weight of yeast 
per bottle. The organism is made to a 50 % solution with water and is used within 12 hours. The 
culture is controlled by microscopical examination for bacterial contamination. Every 4-5 weeks 
a new culture is prepared from a single colony picked from an agar-plate growth. The new culture 
should be tested against a series of sugars. 

Estimation of maltose. (a) The total reducing power of 2-0 cc. sugar solution is determined. 
The sugar solution should not contain an amount greater than the equivalent of 20 mg. glucose 
per 100 cc. [see Table I, Harding and Downs, 1933}. 

(6) If sugars other than maltose are known to be present 12-0 ce. of the solution are placed 
in a centrifuge-tube, containing 0-5 g. wet weight washed Saccharomyces marxianus | Harding, 
Nicholson and Grant, 1932-33]. Incubate for 30 mins. at 38° with stirring. The S. marxianus is 
removed by centrifuging, taking care to remove completely any stray cells. The reducing power 
of 2-0 ce. of the centrifugate is determined. A control tube for the presence of small amounts 
of reducing material in the yeast is made under similar conditions with water instead of the 
sugar solution. The reducing value is corrected. The difference a—b represents the reducing action 
of glucose, fructose, mannose or galactose, either singly or in combination. 
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(c) The remainder of the centrifugate from (b) (5-6 cc.) is added to a centrifuge-tube con- 
taining 0-5 g. wet-weight M. tropicalis. This latter has previously been added from the fresh 
50 °4 suspension, the excess water has been removed by centrifuging and the interior of the tube 
wiped dry with filter-paper. The Monilia and sugar solution are mixed with a thin glass rod, or 


' 
by tapping, incubated for 20 mins. at 38° with occasional stirring and then separated by centri- 
fuging. The reducing power of 2-0 cc. of the centrifugate is then determined. Care is taken that 
no stray cells remain, previous to the “sugar’”’ determination. A control tube with water and 
M. tropicalis is made simultaneously. The difference b-c represents maltose. 

A pplication to blood and urine. Folin-Wu blood-filtrates were deprived of glucose by ordinary 
yeast, and to them were added a series of sugars. The removal of the added sugars by M. tropicalis 
is the same as in water and shows the same accuracy. Filtrates from dog’s blood also gave similar ; 
removal figures. 

The action of M. tropicalis on urine, either alone or in presence of added sugar has been 
tested as in testing the action of Proteus, except that no removal of NH, after fermentation is 
required. M. tropicalis removes glucose, fructose, mannose and maltose quantitatively. The 
removal of galactose from urine appears to be greater than from water solution. There is no | 


action on lactose, arabinose and xylose. 


Use of baker’s and brewer's yeasts for the se paration of 
glucose and maltose. 


Raymond and Blanco [1928, 1] found no removal of maltose by baker’s 
yeast. Our observations on ordinary baker’s yeast have convinced us that its 
maltose removal power is very variable, especially if 0-5 g. wet weight yeast is 
used and the incubation period at 38° is extended to 30 mins. On 10 cc. of a 
20 mg. per 100 cc. solution of maltose, the disappearance of the sugar ranged 
from 16 to 77 °%{ under such conditions. On the other hand, using 0-25 g. baker’s 
yeast and incubating for 8 mins. at the same temperature, the removal of 
maltose was sometimes nil. As Raymond and Blanco only incubated for 3 mins., 
it is easy to see how they might fail to observe the disappearance of maltose. 
How complete can be the separation of glucose and maltose by the use of a 
small amount of yeast, coupled with a short period of incubation, can be seen 
from Table VI. Within experimental error and from a range of 1-25 to 10 mg. 


Table VI. Showing the action of 0-25 g. washed baker's yeast on maltose 


and glucose mixtures after incubation for 8 mins. at 38 


ee. 0-005 N 1* for 2 ee. 


Sugars sugar solution 

Maltos« Added glucose Original Reduction 

mg./100 ce. mg./100 ce. reduction after yeast 
20 0 1-23 0-84 
10 0 0-62 0-60 
5 0 0-3 0-29 
2-5 0 0-16 0-15 
1-25 0 0-07 0-07 
20 l 1-39 0-92 
10 l 0-78 0-60 
5 l 0-47 0-30 
2-5 I 0-32 0-15 
1-25 ] 0-24 0-07 
2 20) 4-68 1-10 
10 20 4-03 0-63 
5 20 3°75 0-31 
2-5 20 3°59 0-13 
1-25 20 3-50 0-08 


* The iodide-free Shaffer-Hartmann reagent described by Harding and Selby [1931] was used 
in this experiment. 





Time of incuba- 
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per 100 ce. the ordinary yeast cake (Fleischmann), not only had no action on 
maltose, but completely removed added glucose in concentrations of 1-20 


mg./100 ce. It is to be noted, however, that at a higher concentration of 


20 mg./100 cc. the yeast removed considerable quantities of maltose. The highest 
removal of maltose noticed by us with baker’s yeast followed the use of a 
special sample, packed in ice by the laboratories of the Standard Brands Inc., 
and sent direct by express. 

Two other observations convinced us that the freshness of the yeast was 
an important factor in the production of a high maltose-removal power. Cultures 
of baker’s yeast grown in glucose-peptone broth, followed by growth on glucose- 
agar removed the maltose quantitatively. Brewer’s yeast obtained fresh from 
the vat, and used immediately, also accomplished a 100 % removal of maltose, 
but at the end of 3 days the removal power had dropped to 64 °%. Our standard 
criterion of removal in these experiments was the loss of reducing power ex- 
perienced by 10-0 cc. of a 20 mg./100 cc. maltose solution when incubated for 
30 mins. at 38° with 0-5 g. of wet-weight washed yeast. 


To obtain baker’s yeast with a very low maltose removal power required a number of experi- 
ments. Although it was evident that on standing the yeast lost some of its action, simple slow 
autolysis at 4°, or at room temperature, never yielded a product sufficiently low in maltose-re- 
moval power to be dependable as an analytical reagent. The effect of added phenol, or of desic- 
cation at 38°, was to lower the maltose-removal power more rapidly, but attempts to accelerate 
these effects led to the death of the cell. Finally the simple expedient of allowing the small 
package cakes of yeast, as bought, and still wrapped in the foil covering, to remain on the 
laboratory bench for 7 days proved successful. The process is probably one of autolysis combined 
with slow desiccation. The packages were turned over daily. Any discoloured portions were 


removed before testing the action on sugars. The results of such an experiment and the effect of 


the subsequent reculture on the maltose-removal power are shown in Table VII. In both samples 


Table VII. Effect of “ageing” of baker's yeast on sugar removals. Figures show 
percentage removal produced by 0-5 g. yeast on 2 mg. sugar in 10 cc. solution 
at 38°. 





Yeast Sample I Yeast Sample II 
— aoa gee = _ Se a - 
After 7 days* Fresh culture As bought After 7 days Fresh cult 
tioninmins.... 8 20 30 8 20 30 8 20 30 8 20 30 8 20 
Glucose 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Fructose 72 95 100 67 96 100 80 95 100 73 99 100 8&3 
Mannose 88 97 100 a — — je a : a 100 as 
Maltose 4 — 6 91 100 100 16 19 32 2 - il 62 86 
Saccharose 79 96 100 — — — 64 97 100 95 98 100 94 96 


* Removal power of original yeast cakes undetermined. 


the maltose-removal power is very low at the end of 7 days. The use of such yeast preparations 
acting, in small amount, for a short period of time gives a negligible removal of maltose. On 
the other hand the preparations are still active towards glucose, fructose, mannose and sucrose. 
Too long an exposure results in the death of the cell. The length of time of “ageing’’ must 
evidently vary from laboratory to laboratory, depending on temperature, humidity etc. 

The foregoing experiments point to procedures for the analysis of mixtures of glucose and 
maltose. 0-25 g. wet-weight washed baker’s yeast prepared from the “‘aged”’ partially desiccated 
packages and incubated for 3-8 mins., at 38° completely removes 2 mg. glucose. 0-5 g. wet-weight 
washed active brewer’s yeast or baker’s yeast just removed from a laboratory fermentation 
incubated 30 mins. at 38° completely removes 2 mg. maltose. 

In view of possible variations each preparation of glucose-removing and maltose-removing 
baker’s yeast should be tested on known mixtures of the two sugars. The experiments also indicate 





tures 
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100 
100 
100 
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one of the sources of the discrepancies sometimes encountered between different laboratories in 
the use of yeast for the separation of fermentable and non-fermentable sugars. Also, the strains 
or mixtures of yeasts used in commercial yeast cakes vary and contribute to failure of duplica- 
tion of results. They emphasise the necessity of pure cultures. 


Use of Monilia krusei. 


M. krusei is an important organism from the standpoint of sugar analysis. It 
is the only one of our series which has no removal action on galactose at 20 mg./ 
100 cc. concentration and has proved quite reliable in the separation of mixtures 
of glucose, fructose and mannose from that sugar. We have already noted that 
from higher concentrations of galactose, a small fraction is removed. In a 
previous section we have illustrated its use in the analysis of mixtures of glucose, 
fructose and sucrose. The cultural conditions of M. krusei are the same as for 
M. tropicalis. 

M. kruset has the same removal reaction on sugars in Folin-Wu_ blood- 
filtrates and urines cleared with Lloyd reagent as in water. 


Analysis of mixtures of sugars. 


From the foregoing results and those of a previous paper [Harding, Nicholson 
and Grant, 1932-33] it is possible to construct a system of sugar analysis. The 
use of Proteus vulgaris, M. krusei, S. marxianus and M. tropicalis, combined 
with acid hydrolysis at appropriate stages, enables one to analyse a mixture of 
glucose, fructose or mannose, galactose, sucrose, maltose and lactose. A sum- 
mary of such an analysis shows the following steps: 

A. Estimate glucose, fructose, mannose by M. krusei. 

B. Estimate galactose on residual fluid from A by S. marxianus. 

C. (In absence of galactose) estimate glucose by Proteus vulgaris. 

A-C = fructose-mannose. 

D. (In presence of galactose) estimate fructose-mannose on residual fluid 

from C by MW. krusez. 
A D glucose. 

E. Estimate sucrose on residual fluid from A or D by hydrolysis, followed 
by use of Proteus vulgaris and M. krusei. (In presence of galactose or 
maltose calculate the sucrose from the fructose value.) 

F. Estimate maltose by S. marxianus followed by M. tropicalis. 

G. Estimate lactose on fluid from F by hydrolysis. Calculate the lactose 
from the galactose value, assuming 72 % hydrolysis [Harding and 
Grant, 1931]. 

The estimations A, C, F are made on the original mixture. 

The details of analysis of the six sugars, each present at a concentration of 

10 mg./100 ec. have been given in the preliminary account of this work [Harding 
et al., 1932]. The percentage recovery of the sugars is shown in Table VIII. 


Oo 





|- 


Table VIII. Showing percentage recovery from mixtures of sugars, 
analysed by the biological reagents. 


I IT 
Glucose 97-6 95-4 
Fructose 101-7 101-1 
Galactose 96-7 100-8 
Sucrose 103-0 103-0 
Maltose 109-6 105-1 


Lactose 98-8 106-2 
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All four biological reagents act in aqueous solution at py 6-5-7-0. The 
cultural conditions must be strictly followed, otherwise considerable variations 
in the removal power are encountered. The application to biological fluids must 
always be accompanied by a considerable number of control experiments, in 
which the efficacy and specificity of the organisms are demonstrated. The 
number of sugars examined, while adequate for our present purposes, is not 
exhaustive. Reducing substances other than sugars may be removed, or have 
their reducing properties diminished. The presence in biological fluids of sub- 
stances considerably modifying or even radically altering, the removal action 
of the organisms must be considered. Our own experience with Proteus on urine, 
where its action on the urea forms sufficient NH, to interfere with the accuracy 
of the copper reagent, illustrates another possible error. Used carefully, and 
with due regard to possible error, we believe biological reagents, such as we 
have described, will be of value in the study of many phases of carbohydrate 
metabolism, both in animal and vegetable physiology. Used indiscriminately, 
and without due regard to their limitations, they will prove inferior to the 
classical but slower methods of chemical identification of the sugars. 

The possibility of such errors is reduced, if some removal of non-sugar 
material preliminary to the sugar estimation is adopted. Or the sugars may 
be separated in some insoluble combination from the other biological material 
and then liberated in aqueous solution. Under both sets of circumstances the 
absence of more than mere traces of heavy metals must be ensured. We have 
used the organisms after treatment of biological material by the following: 

(1) Lead acetate, followed by potassium dihydrogen phosphate. 

(2) Potassium dihydrogen phosphate followed by solid magnesium oxide. 

(3) Mercuric sulphate and barium carbonate followed by hydrogen sulphide 
[West and Peterson, 1932]. 

(4) Copper sulphate and lime, with liberation of the sugar by sulphuric 
acid and hydrogen sulphide. 


SUMMARY. 


A number of micro-organisms have been examined as possible analytical 
reagents for sugars. 

A close relationship between sugar removal power and fermentation has 
been shown. 

Four of the organisms examined appear useful as biological reagents for 
sugars. 

A strain of Proteus vulgaris has been developed as an analytical reagent for 
glucose. 

Proteus is without removal action on fructose, mannose, maltose, lactose, 
sucrose, arabinose and xylose, but is variable towards galactose. 

Proteus can be applied to Folin-Wu blood-filtrates and to urines after treat- 
ment with H,SO, and Lloyd’s reagent and after treatment with HgSO, and 
3aCO;. 

Details of the analysis of mixtures of glucose, fructose and sucrose are given. 

Monilia tropicalis is extremely active in removal of maltose. 

A method for the estimation of maltose is given, depending on the use of 
Saccharomyces marxianus, followed by Monilia tropicalis. 

Baker’s and brewer’s yeasts show variation in their removal power towards 
maltose, depending on the freshness of the organism. 

A method using “aged” and “fresh”? baker’s yeast for the separation of 
glucose and maltose is suggested. 
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Monilia krusei is a useful sugar reagent, as it only removes glucose, fructose 





and mannose. 





A system of carbohydrate analysis, embracing glucose, fructose-mannose, 
galactose, sucrose, maltose and lactose, is outlined, and the result of the analysis } 
of such a mixture by the biological reagents is given. 

) 






















Some precautions in the use of organisms as analytical reagents for sugars 
| 


are suggested. 


The thanks of the authors are due to Mr G. Hern and Mr C. E. Downs for 


technical assistance. 
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Srvce Smith [1928, 1, 2], working in these laboratories, developed a rapid method 
of ultrafiltration of plasma, we have had occasion to use the method frequently 
and on a large scale. 

The following is an account of modifications in the technique which we have 
found necessary, (1) to improve the rate and yield of filtration, (2) to give 
membranes reliable and simple in preparation. 

The chief difficulties experienced in using fine grade collodion membranes are 
firstly that they are very slow, and secondly that after a short time the rate of 
filtration is markedly decreased owing to clogging of the filter pores. 

We have aimed at obtaining a membrane which will hold back protein and 
will filter rapidly at low pressure differences. There are two disadvantages of 
high pressure filtration. (a) The filters clog much more quickly; (b) the struc- 
ture of the membrane may be actually altered so that its pore size is changed. 
With these considerations in mind we work at a pressure difference of about 
70 cm. mercury. We prefer using a negative pressure, as it is more convenient 
in use and more economical, any good water suction-pump giving adequate 
pressure difterence. 

Methods devised to relieve blocking of the membranes are many. Pierce 
[1927] used shaking, Smith [1928, 1, 2] used a rocking filter with beads on the 
membrane, Elford [1931] used alternation of pressure. For filtration of fluids 
such as plasma we believe that the method described here gives very much 
more satisfactory results than any of the above. 


METHOD. 


The apparatus (see Fig. 1) comprises one or more filtering units. Each unit 
consists of a filter porcelain funnel AA’, similar in construction to a Seitz filter 
except that the two parts are clamped together by means of two metal rings held 
with bolts and wing nuts BB’. Soft rubber rings are interposed between the 
supporting grid C and the funnel portion and between the membrane and the 
reservoir portion of the filter. 

The top of the reservoir is closed with a circular wooden cover D, the centre 
of which is pierced by a hole in which is held a short length (1 in.) of glass 
tubing. This acts as bearing for a solid glass T piece FH, the side-limbs of which 
are inserted into two rubber sponges, FF’, cut as follows. They have cylindrical 
shape about 14 cm. in diameter and long enough to reach to within } cm. of 


1 Owen Williams Research Scholar. 














1096 C. WILSON AND E. R. HOLIDAY 


the central spindle and the wall of the reservoir. They are pierced longitudinally 
by means of a cork borer small enough to cause a tight fit on the glass arm. 
The sponge should be soft and loose-textured. 

The T piece is connected by means of rubber tubing to a vertical shaft G 
which is made to revolve at a rate of one revolution every 3 seconds. There 
should be ample latitude for vertical movement of the shaft, as it is difficult to 
set up the filter exactly normal to the T piece. Constant pressure of the sponges 


( 


| 





G jj 
| W7 
for 
' 
AA Porcelain filter HB 
BB’ Clamp rings ee 


C Grid 
D Wooden cover 
E Sponge holder 









FF : Sponges 
G Driving shaft 
H Weight pan 


J Vacuum reservoir 





us 


on the membrane is maintained by means of weights placed on the tray H. 
We have found that 50 g. is suitable for a 7 em. filter, but the weight may need 
increasing when the residue becomes very viscous. , 

Suction is applied by the usual method from a good water-pump. A large 
reservoir is interposed between the pump and the filter battery in order to 
avoid extreme oscillations of pressure when connecting up a new filter while 
others are in use. 

Several sponges are kept as spares. To clean them, they are first thoroughly 
rinsed in 3 % NaOH and then left for several days in 2 % Na,CO, solution. 


0 














ULTRAFILTRATION OF BLOOD 1097 


When subsequently rinsed with running tap-water and finally placed in dis- 
tilled water for an hour or so they are ready for use. They should never be 
allowed to dry. 

Preparation of the membranes. 

Membranes were made with the following objects. 

(1) To keep back protein. 

(2) To have sufficient degree of surface hardness to avoid damage by the 
wipers. 

(3) To have sufficient strength to withstand pressures of one atmosphere. 

(4) To have a rapid filtration rate. 

Two types of membranes have been found to fulfil these requirements. 

(1) Alcohol-ether-acetic acid-collodion membranes. Pyroxylin is dried in a 
vacuum desiccator until of constant weight; this usually requires 3 to 4 days. 
From this a 6 % stock solution is made in a mixture containing 50 parts ether, 
50 parts alcohol and 10 parts glacial acetic acid. After 3 days the stock can be 
used. We do not take particular precautions to render the ether and alcohol 
free from water. The ether used is Howard’s anaesthetic ether and the alcohol 
is about 99-5 %. 

The membranes are made from a solution containing 2 % pyroxylin by 
diluting down the stock with the mixture of alcohol, ether and acetic acid to 
the required strength. 

The membranes are prepared on polished glass plates whose diameter is 
about 1 cm. greater than that of the filter. The plates are cleaned in dichromate 
and sulphuric acid, washed with distilled water, dried and polished with a silk 
cloth. The surface must be free from scratches and dust particles. 

Holding the plate in the left hand about 5 cc. collodion are poured on to the 
centre, and by rapid tilting a thin film of collodion is formed covering the whole 
plate. By rapidly rotating in a vertical plane any excess of collodion is allowed 
to run off. The plate is now placed on mercury in a sulphuric acid desiccator. 
Here evaporation takes place in a still atmosphere—ensuring uniform drying 
of the membrane—from which moisture is precluded, thereby preventing con- 
densation of moisture on the surface while the ether evaporates. In the absence 
of this latter precaution the film takes up moisture as it dries and a milky 
appearance or “‘blushing” of the membrane occurs. After a period of 5 minutes 
the plate is removed from the desiccator and the surface observed by reflected 
light. The appearance of a fine network pattern over the whole membrane 
surface indicates that drying is complete. The plate is now placed in distilled 
water. Gelling of the collodion occurs, the membrane contracts and floats off 
the glass in 1-2 minutes. It is then floated on to a filter-paper and placed in 
position in the filtering chamber, where it is washed free from acetic acid with 
distilled water. 

These membranes are ideal for rapid filtration of plasma. They are, however, 
too fragile to be used repeatedly. In our experiments we found it desirable to 
filter plasma from patients under investigation and from control subjects 
through the same membrane, in order to eliminate the possibility of variable 
permeability of different membranes. We therefore attempted to prepare a 
stouter membrane impermeable to protein and suitable for successive fil- 
trations. 

(2) Glacial acetic-collodion membranes. The most suitable for our purpose 
were found to be glacial acetic-collodion membranes on a filter-paper basis 
similar to those described by Kreuger and Ritter [1930]. Hard Whatman 
(No. 52) filter-papers were immersed in collodion solution and the excess drained 
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away by rotation in a vertical plane. Gelling was brought about by immersion 
in distilled water and the excess acetic acid removed by washing in running 
water overnight. 

Varying concentrations of pyroxylin in glacial acetic acid were tested. It 
was found that with concentrations of less than 4 °4 the membrane surface was 
damaged by the rotating sponges. Membranes of 4 °% collodion can be used for 
several filtrations without deterioration of the surface. The rate of filtration 
under 70 em. pressure is slightly slower than with the alcohol-ether-acetic acid- 
collodion membranes 

After filtration, the membrane surface is cleaned with 2 °/ sodium bicarbonate 
solution and the membrane washed on the filter with 50 cc. of the same solution 
followed by distilled water. It can then be preserved in distilled water until re- 
quired for further use. 

DISCUSSION. 


We have obtained very satisfactory and consistent results using these types 
of membranes. Although the mode of preparation seems to lack that careful 
standardisation which many workers insist upon, we are convinced that the 
precautions taken are sufficient. Thus, for example, the exact volume of collodion 
used for each membrane is not measured, and one would expect varying rates 
of filtration from membrane to membrane owing to alteration in thickness. 
This does not seem to be the case, and we are of the opinion that the factor which 
determines the rate of filtration, and to a great extent the pore size, is the 
nature of the surface of the membrane. The thickness plays only a minor part. 
It is for this reason that the mode of drying the membrane is the most im- 
portant part of the preparation to be controlled. The method is well suited for 
both purposes for which it was devised. For example, it is possible to obtain 
25 ec. ultrafiltrate from 30 cc. plasma in 30 minutes. In certain injection experi- 
ments, we found that the time from taking the blood from the vein to the 
injection of it into the animal could be reduced to 45 minutes. As the whole 
filtration can be carried out at 0° and under sterile conditions, there is little 
danger of loss of labile substances through decomposition. 

For large quantities it is equally suitable. The following figures give an idea 
of a typical filtration: 

Vol. of Ist hour 2nd hour 3rd hour ith hour 5th hour 6th hour 
plasma cc. cc. ec. cee. ce. cc. 


150 100 85 70 60 50 25 


SUMMARY. 


1. Anapparatus for rapid ultrafiltration and methods for preparing collodion 
membranes have been described with the object of removing proteins from 
blood, plasma and serum for the isolation of various constituents. 

2. The method is suitable (i) for obtaining rapidly small quantities of ultra- 


filtrate for inoculation; (ii) for filtering large quantities. 
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Ir is natural to assume that the fat laid down in the storage areas of the body 
is resistant to oxidation in virtue of its composition and saturation. As to the 
changes which occur in fat before being burned, chief consideration has been 
paid to the theory, originally suggested by Leathes, that the lipins may play 
some part in the desaturation and oxidation of the fatty acids. While it is 
generally held that the liver is the chief site of this desaturation, there appears 
to be little experimental proof of the réle played by the lipins in the process. 
Kennaway and Leathes [1909] were themselves unable to find any gross differ- 
ence between the degrees of unsaturation of the fatty acids of the triglycerides 
and lipins of the liver, such as to suggest a sharp differentiation into saturated 
and unsaturated. 

The theory that the lipins are concerned in the mobilisation and transport 
of fat is also sub judice. Bloor [1924] considers that a large proportion of the 
unsaturated fatty acids of the blood are present as cholesteryl esters. Channon 
and Collinson [1929] have also noted that in the ox the phospholipin fatty acids 
of the blood have an iodine value varying from 71 to 90, whereas the fatty acids 
of the acetone-soluble fraction are much higher, varying from 121 to 143. These 
writers indicate that the relatively low iodine values of the blood-phospholipin 
fatty acids do not preclude the phospholipins from being considered as carriers 
of unsaturated acids from the liver to the tissues, as the fatty acids of these 
compounds are made up, according to Levene and his colleagues, of equimole- 
cular proportions of saturated and unsaturated acids, and that the value of the 
unsaturated half of the mixed fatty acids, which have an iodine value of 80, 
will be 160. The latest available data [Boyd, 1933] indicate that in the human 
subject the degree of unsaturation of the fatty acids of the phospholipins of the 
blood is much higher than that of the total fatty acids—an observation at 
variance with the corresponding findings in lower animals. 

The recent experiments of Sinclair [1932] also weigh against this general 
theory. Sinclair measured the rate of turnover of tissue phospholipins by 
determining the rate of change in the degree of unsaturation of the phospholipin 
fatty acids in the tissues of the rat following transfer from one distinctive diet to 
another. From his work he concludes that the phospholipins present in muscle, 
and presumably those in the other tissues as well, should no longer be regarded 
as intermediary products in the metabolism of fat. 
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The work of Mayer with Rathery and Schaeffer [1914-15] indicates that 
increased attention must be paid to the rédle of the phospholipins in cellular 
activity—particularly in the mitochondria. This is also the view of Bloor [1927]. 

In view, however, of the theories which assign to the phospholipins an 
active rdle in bringing about oxidation of fatty acids, it was thought necessary 
to obtain knowledge of the elementary composition and caloric value of the 
derived fatty acids of the phospholipins of an active metabolic tissue such as 
muscle and to determine if the heat liberated by their complete oxidation differed 
materially from the values found for the acetone-soluble fats [Cathcart and 
Cuthbertson, 1931]. 


ANALYTICAL METHODS. 


The muscles selected in the first two cases corresponded to those chosen in 
our earlier paper, viz. the sartorius and rectus femoris. 

Case I. 26 years, autopsy 9} hours after accidental death. The body was 
that of a well nourished and apparently healthy man. 

Case II. 31 years, autopsy 10 hours after death due to explosion. The body 
was that of a well nourished and apparently healthy man. 

Case III. In this subject, aged 55 years, the gastrocnemius muscle of an 
amputated leg was extracted within 2 hours after the operation, which the 
patient's condition necessitated as the result of an accident. 

The tissues were minced and stirred into twice their weight of acetone. After 
2 days at room temperature the extracts were filtered through cotton cloth, 
and then the tissue was extracted three times with industrial alcohol and four 
times with ether. The first acetone extract was rejected. The extractions were 
carried out in di wk 1 brown bottles filled with CO,. During the extractions the 
bottles were frequently shaken. 

The filtered extracts were concentrated under reduced pressure at a tem- 
perature not exceeding 50°, a slow stream of CO, being passed through the fluid. 
When all the aleohol had been evaporated and a dark golden brown syrup 
remained, this concentrate was extracted with light petroleum, free from 
aromatic hydrocarbons, in a separator filled with CO,, water being added to aid 
stratification. The aqueous layer was re-extracted. The combined extracts were 
evaporated to small bulk and then distributed in suitably sized centrifuge-tubes. 
Excess acetone was added to each, and after standing for some hours the tubes 
were centrifuged, the sup rnatant fluids decanted, the precipitates dissolved in 
the minimum of ether and the precipitation with acetone repeated. This process 
was carried out three times. The precipitated phospholipins were finally dis- 


Preparation of fatty acids. The ether extract was + age nigh to > dryness in a 
stream of CO, under reduced pressure. 50-100 cc. water and 2 . NaOH were 
added according to the amount of material. After heating for : hour on a 
eam-bath under reflux, an equal volume of alcohol was added and saponifi- 
cation continued at boiling-point for another 3 hours. Water was then added, 
i <en out with light petroleum in an atmosphere of N 
r rejected. The aqueous extract was then acidified 
with H,SO, and completely extracted with light petroleum. This final extract 
after filtration was stored in a dark brown bottle until ready for analysis. It 





was Tol 1 that this method was preferable to storage in the dry state. 
The elementary analyses were performed by the writer personally using 


Pregl’s technique. The iodine values were determined by Yasuda’s [1931] 
micro-modification of the Rosenmund-Kuhnhenn method. This is more accurate 
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for lipin estimations than the earlier methods. A Darroch bomb was used for 
the caloric value determinations. This instrument allows duplicate estimations 
to be made within 0-01 %. 

Scarcity of material prevented more complete tabulation, but as the data 
obtained agreed closely and as the supply of fresh human material was so 
uncertain, it was considered that the available data should be presented. 


Caloric 
Caloric value of 
Iodine value 1 litre 
Case C H oO value R.Q. of lg. oxygen 
] 76-10 11-84 12-06 111 0-712 —- = 
2 75°80 12-20 12-00 0-705 9-496 4-73 
3 76-20 11-98 11-99 LL] 0-711 9-516 4-76 
Av. 76-03 11-98 11-99 Ll] 0-709 9-506 4-745 
Average value reduced to constant pressure* 9-521 4-75 


* Cathcart and Cuthbertson [1931] vide Appendix B. 


DISCUSSION. 


Our earlier observations [Cathcart and Cuthbertson, 1931] on the acetone- 
soluble fats were made on the triglycerides and free fatty acids themselves, as it 
was believed that these molecules were burnt completely when used as fuel. 

In considering the phospholipins, the derived fatty acids only have been 
analysed as it was believed that their fate was possibly different from that of 
the other constituents of the molecules. 

The elementary composition, iodine value, respiratory quotient and caloric 
value and the other calculated data of these fatty acids of the phospholipins of 
skeletal muscle here described are of practically the same value as our corre- 
sponding observations on the triglycerides of the subcutaneous fat, but differ 
distinctly from the values obtained for the triglycerides of skeletal muscle—the 
latter containing more oxygen and less carbon. 

If comparison be made between the elementary composition of these phos- 
pholipin fatty acids and the corresponding values of known higher fatty acids 
it will be found that the values C, 76-03 94; H, 11-98 %; O, 11:99 %; R.a., 
0-709 agree most closely with those of oleic acid, viz. C, 76-59 %; H, 12-06%; 
O, 11-35 %: R.q., 0-706. It is certain, however, that various unsaturated and 
saturated fatty acids go to make up this fatty acid complex [MacLean and 
MacLean, 1927]. 

Of the unsaturated group, recent work has shown that acids with 4 double 
bonds such as arachidonic acid occur in lecithin [Levene and Simms, 1922], and 
are widely distributed in the tissues and organs [Wesson, 1925]. Klenk and 
Schoenebeck [1931] have isolated from brain-lecithin an unsaturated acid con- 
taining 22 C atoms and 4 ethylenic linkages. The same acid has been found in 
liver-lecithin. 

The saturated acids are mainly stearic and palmitic. 

The iodine value of 111 which has been found for these fatty acids of the 
skeletal muscle-phospholipins, agrees fairly closely with the average value of 116 
found by Bloor [1927] in his study of the fatty acids of the phospholipins of the 
jaw, diaphragm, neck and rump of the ox, particularly if account is taken that 
the method he used (Hanus’s) tends to give values 24 % too high when applied 
to unsaturated fatty acids like linoleic [Yasuda, 1931]. 
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While it may appear of questionable value to compare the caloric values of 
the triglycerides with those of the lipin fatty acids, no other course is available 
when the main consideration is the energy value and the significance of the 
respiratory quotient. 

It is evident that the caloric value of a litre of oxygen utilised by the body 
will not be materially different if the material burned be the storage fat of the 
subcutaneous tissues or the fatty acids of the phospholipins of muscle. It will 
however be different if the material burned be the fatty acids of the phospho- 
lipins and not the triglyceride fat of muscle. 

In our earlier paper we gave it as our considered opinion that the fats 
utilised for immediate combustion are the more highly oxygenated and probably 
more labile fats found in muscle and liver. There is at present no definite evidence 
to suggest the contrary. 


SUMMARY. 


1. Elementary analyses of the fatty acids derived from the phospholipins 
of the skeletal muscle of normal men gave an average of 76-03 °% for carbon, 
11-98 % for hydrogen, and 11-99% for oxygen. The average respiratory 
quotient was 0-709; the average caloric value 9-521 cal. per g. at constant 
pressure, and the equivalent of 1 litre of oxygen at constant pressure was 
4-75 cal. The average iodine value was 111. 


My thanks are due to Prof. E. P. Cathcart for suggesting this investigation, 
and Prof. J. Shaw Dunn for supplying me with post mortem material. I am 
indebted to the Carnegie Trust for a grant in aid of this research. 
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THE variations in the degree of unsaturation of the fats of adipose tissue in 
relation to depth from skin surface have received a considerable amount of 
attention in domestic animals, but no similar analyses of human material have 
been made. 

Spaeth [1893] was one of the earliest observers to draw attention to the 
difference in iodine value and melting-point of fats obtained from the back and 
from the kidneys of fat hogs. The kidney fats proved to have lower iodine values 
and higher melting-points than the dorsal tissues. Mansfeld [Henriques and 
Hansen, 1901] had also noted that the skin-fats of pigs and also of cows had 
higher iodine vaiues than the fats adjacent to viscera. 

Lummert [1898] found that in three of the dogs which he examined there 
existed differences between the iodine values of the fats obtained from the skin 
and of those obtained from the region of the intestines from the same animal, 
but that there was no constant relationship to be found between the three 
different series as the average values revealed no real distinction. 

On the basis of these observations Henriques and Hansen [1901] planned 
to determine if the above-mentioned differences in composition of fat from 
different parts of an animal were constant, and if the variations occurred to an 
even greater extent than had previously been described. Their method of 
extraction was simple, consisting in melting the fats by heat, a stream of CO, 
being blown over them to prevent oxidation. Von Hiibl’s method for the iodine 
value determinations was used. In addition they determined the solidification- 
points of the fats. 

On the evidence of their experiments these workers put forward the inter- 
esting theory that the well-marked differences which they observed were due to 
the fact that storage fat is deposited in regions of different temperature, the 
most unsaturated fats being deposited in the coolest regions. 

Since the present writers know of no similar data pertaining to human 
fat, it was thought of interest to present these analyses made in the course 
of a more exhaustive examination into the composition and distribution of 
fat in man. 
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ANALYTICAL METHODS. 


The fats were obtained from comparatively fresh normal and obese human 

idavers. The normals were all male subjects, the obese female. 

The autopsies on the normals (fatal accidents) were performed from 9 to 
17 hours after death, the average time being 12 hours. In the case of the fat 
subjects, the sections were performed from 3 to 25 hours after death—the 
average time being 13 hours. These latter cases included some of the most adipose 
female subjects which the writers have observed during a space of 4 years. In 
three instances in this group death was due to pulmonary embolism following 
trauma. In another case death was due to rupture of a cerebrai aneurism and 
in the remaining two cases nephritis and carcinoma were the respective primary 
causes. 

Che fatty tissues analysed included the panniculus adiposus abdominalis, the 
omentum, mesentery, perinephric and epicardial tissues. In some cases the liver 
triglycerides were examined. The maximum thickness of the abdominal adipose 
tissues of the sertes (8-75 em.) was observed in a female 160 kg. in weight. Pre- 
liminary experiments employing the extraction of the molten fat by heat were 
made but later abandoned owing to a tendency to contamination with tissue 
fluids. Subsequently the tissues were extracted three times with absolute 

lcohol and three times with ether in the cold. The extracts were concentrated 
to small volume by distillation under reduced pressure at 40° in a partial 
tmosphere of CO,. The residue was extracted with light petroleum, free from 
aromatic hydrocarbons, the petroleum layer being separated, filtered and the 
solvent removed by distillation under reduced pressure at 40° in an atmosphere 
of CO,. The fats were stored in an ice-chest until analysed, the last traces of 
solvent being removed ji 

In the case of the liver the phosphatides were removed by repeated pre- 
cipitation with acetone, traces of NaCl being present to facilitate separation. 


just prior to analysis. 
liver 


After two preliminary observations on the iodine values of the derived fatty 

ids it was decided to consider the triglycerides and free fatty acids by them- 
selves, as the removal of the small amount of unsaponifiable matter did not 
appreciably affect the relative significance of the data. It was also decided to 
abandon melting-point and solidification-point determinations, since the fats 


lodine values / fats derived from fatty tissue Ss, 


Three normal subjects. 
lodine value No. of 
obser- 
Tissue Maximum Minimum Average vations 
1diposus abdominalis 73 67 70 3 
oO ’ 65 62 63-5 2 
¢ ( DS 63 3 
I 65 62 63-5 2 
I { erides)* 134 12] 127 3 
( SI obe hie 
Ou hal 72 is 70 6 
i i is a I is I t 
| Inne1 73 68 70 6 
la I 
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| I ( 61 63 o 
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differed so little in their fluidity and since such determinations provided merely a 
qualitative test of the most solid and most fluid triglycerides and not a measure 
of the degree of unsaturation of the mixture. 

The iodine values were determined by the method of Wijs. This method was 
used throughout to preserve continuity with the earlier specimens of the series 
which had been analysed by this technique. It is well known that Wijs’s 
iodising solution is very reactive to cholesterol and it might be thought that the 
presence of this substance in varying amount might account for such divergence 
in, the iodine values of the different fatty tissues as existed. Parallel observations 
by this method and that of Rosenmund and Kuhnhenn (Yasuda modification 
[1931]) on the fats and the fatty acids derived from them after removal of the 
unsaponifiable matter, indicated that the removal of the sterols, etc. did not 
alter the relative order and preponderance of the different fats one to another in 
respect of their unsaturation. The Rosenmund-Kuhnhenn method gave val 


1es 


about 6 % lower than Wijs’s method. 
An excess of Wijs’s solution (about 200 °%) was used. 


DISCUSSION. 


It was assumed that if any difference in the degree of unsaturation of the 
outer and inner tangential layers of the panniculus adiposus abdominalis did 
exist in the human subject, these obese cases would have exhibited the maximum 
effect considering the depth of this tissue. 

It is apparent from the data that no real difference existed between these 
two layers in the six subjects examined, and further that the difference between 
the fat of this tissue and the omental fat was insignificant. The iodine number 
of the perinephric fat was, on the other hand, significantly lower. 

In the case of the normal subjects, no division of the subcutaneous fatty 
tissue into outer and inner layers was possible. It is of interest that the degree 
of unsaturation was the same as that noted in the obese group. 

On the other hand the omental fats had a lower degree of unsaturation than 
the subcutaneous. They were similar in value to the perinephric and epicardial 
fats, which in turn were of the same order of saturation as the perinephric fat 
of the obese group. 

The close similarity in the degree of unsaturation of the subcutaneous and 
omental fats of the obese group may point to these tissues being storage areas for 
material of similar character. 

It is apparent that the distinct differences in the composition of the storage 
fats at different depths from the skin surface which have been noted [Henriques 
and Hansen, 1901] in the lower animals, the dog excepted, are not, or at least 
only to a minor extent, reproduced in man. The general similarity of diet of these 
two omnivores may account for this, as the observations of Bhattacharya and 
Hilditch [1931] indicate that the more unsaturated the dietary fat, the less will 
be the differences in the unsaturation existing between the various body fats. 
This explanation is more probable than one based on temperature differences. 

It is of interest that the triglycerides of the liver of the four obese subjects 
in whom this tissue was examined exhibited without exception low degrees of 
unsaturation as compared with the normal group, an observation in harmony 
with the morphological appearances. 
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SUMMARY. 


1. The average iodine values of the fats of the panniculus adiposus abdo- 
minalis, omental, perinephric, epicardial and liver tissues of normal men were 
70, 63-5, 63, 63-5 and 127 respectively. 

2. In obese women the average iodine values for the fats of the outer and 


inner layers of the panniculus adiposus abdominalis, the omentum, and the 
perinephric and liver fats were 70, 70, 69, 63 and 89 respectively. 


In conclusion we wish to express our thanks to Prof. J. Shaw Dunn for his 
kindness in supplying us with suitable material. 


REFERENCES, 


Bhattacharya and Hilditch (1931). Biochem. J. 
Cathcart and Cuthbertson (1931). J. Physiol. 72, 349. 
Henriques and Hansen (1901). Shand. Arch. Physiol. 11, 151. 


Lummert (1898). Arch. g Physiol. 71, 176. 


Spaeth (1893). Z. angew. Chem. 133. 
Yasuda (1931). J. Biol. Chem. 94, 401. 
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A NUMBER of investigators have examined the cerebrospinal fluid for potassium 
and reported that it contains 25-50 °% less than the serum. The averaged serum 
values of the different observers vary very much, and, although their averaged 
cerebrospinal fluid values are more consistent, the range of scatter of the 
individual cases differs considerably from one observer to another. Thus in 
serum Parhon and Werner [1932] found relatively little scatter (16-4-18-9 mg. 
per 100 cc.), but figures ranging from 15 to 27 mg. have been given by others. 
The lowest and most constant values (13-7-14-0 mg. per 100 cc.) have been 
reported by Dutiére [1931], who separated the plasma from oxalated blood as 
rapidly as possible after removal from the body. 

In the C.S.F. Duliére again found relatively constant potassium values, 
which averaged 11-17 mg. per 100 cc. Others, however, while agreeing on this 
average have found much wider variations, for example 10-18 mg. [ Ballif and 
Gherscovici, 1932]. 

The literature on this subject has been reviewed by Nourse, Smith and 
Hartman [1925] and more recently by Lierle and Sage [1932] and need not be 
further discussed. 

It is generally agreed that the whole of the potassium of serum is diffusible 
[e.g. Rona et al. 1924; Massaut, 1931, 1, 2], but Greene and Power [1931], who 
used in vivo dialysis in dogs, found 24 % non-diffusible. 

If the whole of the potassium is in fact diffusible one would expect to find 
that any body fluid formed from the serum by simple physical means would 
contain about as much potassium as the serum. Thus, whatever may be true 
of the cerebrospinal fluid, this relationship might be expected in pleural effusions, 
hydroceles and ascitic fluids. Here again an investigation of the literature 
showed widely differing results. Loeb ef al. [1922] obtained an average of 
9-77 mg. K per 100 ce. in a series of fluids, mostly ascitic, whereas the corre- 
sponding serum value was 16-03 mg. per 100 cc. Three examples of potassium 
in oedema fluid given by Salvesen and Linder [1923] were 70-80 °% of the serum 
values. The individual figures varied greatly and are higher than those given by 
Loeb et al. Greene et al. [1931], in experimental oedema in dogs, found that 
the potassium content of the fluid was the same as that of the serum. On 
the other hand ascitic fluid from human subjects had an average of 13 mg. K 
per 100 cc. compared with 17 mg. in their sera. Contrary to these findings are 
those of Dumitresco-Mante and Petrovano [1931] who found the potassium of 
centrifuged pleural fluid to be equal to, or (more generally) somewhat higher 
than, that of the corresponding serum. 
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Comparison has also been made between serum and ocular fluids, with 

equally divergent results. Tron [1926] using ox and horse, and Lebermann 
1925] using rabbit, found only some 70 °%, of the serum-K in the vitreous and 
aqueous humours. Duke-Elder [1927], however, who has brought forward very 
complete evidence that the ocular fluids are true ultrafiltrates, obtained a close 
approximation between the serum- and aqueous-potassium. Stary and Winter- 
nitz [1932] also found close agreement between the potassium of the ventricle 
fluid of the eye and that of the serum-ultrafiltrate, both being somewhat higher 
than the serum value. Cohen ef al. [1928] compared vitreous with cerebrospinal 
fluids and found average values of 24-9 mg. per 100 cc. for the former and 
19-5 mg. for the latter. Both these figures are high and no serum values are 
given; nevertheless the ratio of the two suggests that they are not both formed 
from the serum in the same way. 

In considering the reason for serum values being higher than those of the 
C.S.F. or other body fluids, one must remember the possibility that the higher 
serum values may be due to the potassium in the corpuscles leaking into the 
serum during the formation of the clot, since the lowest figures for serum 
potassium have been obtained on rapidly separated plasma [Duliére, 1931]. 
There is also the fact that some 24 °, of the serum-potassium has been held by 
one group of workers to be non-diffusible [Greene and Power, 1931]. 

The present investigation has been prompted by these uncertainties and by 
the importance of the result in assessing how far the C.S.F. can be regarded as a 
serum-ultrafiltrate. 

METHODS. 


Blood was collected chiefly from in- and out-patients of King’s College 
Hospital; some specimens were obtained from the National Hospital, Queen 
Square. The general technique has been described previously | Met ‘ance and 
Watchorn, 1931]. When for special purposes (see Table IIL) it was desired to 
separate the serum from the corpuscles as quickly as possible, the following 
procedure was adopted. A §.I.M.A. serum needle (Down Bros.) with rubber 
tubing attached was inserted into the vein. The patient was then bled with light 
constriction direct into a large paraffin-coated tube which was immediately 
centrifuged at high speed for 4-5 minutes. The supernatant fluid was pipetted 
off rapidly into another smaller centrifuge-tube and allowed to clot. This white 
clot was later broken up and clear serum obtained by centrifuging. The C.S.F. 
was withdrawn 15 minutes after the blood. 

For the majority of the analyses Kramer and Tisdall’s [1921] method was 
used. Determinations were made in duplicate at least, frequently in triplicate 
or quadruplicate. Some idea of the accuracy of the method may be obtained 
from the following figures obtained on the same large sample of mixed sera. 
Each ultrafiltrate figure represents a separate filtration. 

Serum Ultrafiltrate 
(mg. per 100 cc.) (mg. per 100 cc.) 


26-40 29-04 
27-09 
26-40 
26-08 


26-71 





A few of the later determinations (including all those in Table IV) were 
made by Jacobs and Hoffman’s [1931] colorimetric modification of Kramer and 
Tisdall’s method. This enables the precipitate of potassium cobaltinitrite to be 





rs 
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washed with alcohol, in which it is completely insoluble. This excludes also the 
possibility of high serum results being due to the oxidation of organic matter, 
e.g. protein debris, by the permanganate in the titration method. The colori- 
metric method gave closer agreement between duplicates than did the titrimetric 
and was of particular advantage in dealing with body fluids other than serum 
and C.S.F. in which a great deal of organic matter is sometimes precipitated. 
In these cases the coloured solutions were lightly centrifuged before matching in 
the colorimeter. 

The method of ultrafiltration used was the same as that previously described 
[McCance and Watchorn, 1931]. 

RESULTS, 

Table I shows the amount of potassium found in a series of sera, their 
corresponding ultrafiltrates and cerebrospinal fluids. The whole of the serum- 
potassium appears to be diffusible. The percentage shown in the ultrafiltrates 


Table I. Potassium in serum, serum-ultrafiltrate, and C.S.F. 


Serum Ultra- 
Diagnosis per 100 ce. filtrate C.S.F. 
Cerebral tumour 18-15 20-76 13-06 
Taboparesis 17-63 19-06 12-93 
Parenchymatous nephritis 20-24 21-55 11-23 
Diabetes 18-54 20-24 
Disseminated sclerosis 21-03 23-64 12-80 
19-98 21-81 13-71 
as 23-90 25-07 12-93 
Neuro-syphilis 20-37 20-37 12-4] 
Cerebral tumour 23-05 24-14 10-82 
Tabes 21-81 22-72 10-82 
Amyotrophic lateral sclerosis 17-15 18-56 15-00 
Cirrhosis of liver 18-56 18-69 
? Syphilis 17-02 17-15 12-67 
Cerebral tumour 17-66 19-58 10-75 
Epilepsy 22-53 23-68 
Meningo-vascular syphilis 17-56 19-27 12-67 
Average 19-70 21-20 12-45 


Table II. Additional C.S.F.-potassium values. 





C.S.F. 

Diagnosis (mg. per 100 cc.) 
T.B. meningitis 13-19 
11-49 
13-45 
14-07 
11-62 
a 12-95 
Meningococcal meningitis 12-22 
8-16 
Chronic nephritis 9-79 
Trauma with neurological signs 11-78 
Spinal tumour 11-01 
Tumour of cauda equina 11-44 
Meningeal haemorrhage 7:96 
Cerebral arterio-sclerosis 12-69 
Cerebral cyst and tumour 11-87 
Average 11-58 


is actually higher than that in the serum because no correction has been made 
for the space occupied by the serum-proteins. Cerebrospinal fluid taken from the 
same patients at the same time invariably contained less potassium than the 
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serum. A further series of cerebrospinal fluids (Table II) also failed to give 
values approaching those usual for serum. All the sera in Table I had been left 
in contact with the corpuscular clot for some 6 to 18 hours before separation. 
A further series of comparisons therefore was undertaken in which the effect } 
on the serum-K of leaving the serum in contact with the corpuscles was studied. 
From Table III it appears that there is no appreciable diffusion of potassium 


Table III. Potassium content of serum in contact with clot and of C.S.F. 


Serum Time in Serum Time in Increase C.S.F. 
(mg. per contact (mg. per contact (mg. per (mg. per 
100 ee.) with clot 100 ee.) with clot 100 cc.) 100 ee.) } 
8-31 0 hours 23-05 18 hours 4-74 10-82 
17-66 ae 20-22 a on 2-56 
15-78 - Ge 17-09 10 1-3 11-44 
18-23 S 21-08 igs ,, 2-85 13-37 
17-87 Di. gs 18-27 me ae 0-40 15-15 
18-27 = 21-15  —_ 2-88 13-26 
15-39 a 17-58 is ,, 2-19 12-69 
17-15 De 17-15 ) Nil ; 
18-5] de 18-82 7 0-26 
17-02 S 17-28 7 0-26 
19-70 eae 19-9] 7 0-21 11-97 


out of the corpuscles for the first 7 hours after taking blood, but that later the 
serum-K_ slowly increases. These results therefore show that the potassium in 
the C.S.F. is generally much below that in the serum and that although potassium 
does tend to leak from the corpuscles after about 7 hours this does not account 
for the serum/C.S.F. relationship. 


Table IV. Potassium in various fluids. 


Potassium Protein 
Serum Fluid Serum Fluid 
(mg. per 100 ec.) % % 
Hydrocele fluic 16-43 16-57 
14-33 15-26 
16-57 15-10 , 
18-27 
16-95 18-04 
14-91 17-18 
Pleural fluid 16-56 14-06 
18-69 18-74 
18-02 19-91 7-2 5:1 
Ascitic fluid eae 17-96 - — 
17:4 16-08 2-7 0-18 ' 
13-32 16-28 - 
Averagt 16-59 16-87 


Table IV shows that the amount of potassium in effusions was found to be 
approximately equal to the amount in the corresponding sera. This is the relation- 
ship characteristic of the ultrafiltrates and is in agreement with the findings of 
Dumitresco-Mante and Petrovano [1931]. 


DISCUSSION. 

The average C.S.F.-potassium was 12-05 mg. per 100 ce., which is slightly 
higher than the figure usually given. Most of the values are close to this average, 
but the range of variation seems to be greater than in the case of calcium and 
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magnesium [McCance and Watchorn, 1931; 1932; Watchorn and McCance, 
1932]. No constant variation of the cerebrospinal fluid-potassium in any one 
direction in any specific disease has been observed. The fall in magnesium in 
the C.S.F. in cases of meningitis is not accompanied by a fall in potassium. 
Further, Tables I and IIT show that no constant relationship has been found 
between the serum and the corresponding C.S.F.-potassium; high serum values 
were frequently accompanied by low C.S8.F. values and vice versa. The average 
value for serum separated as rapidly as possible without the use of anticoagulant 
was 17-6 mg. per 100 cc., and the average for the corresponding cerebrospinal 
fluids was 12-7 mg. per 100 cc. In no case did we succeed in obtaining a serum 
value as low as that of the corresponding cerebrospinal fluid, nor such low values 
as Duliére [1931] reported. Even Duliére’s sera figures were, however, higher 
than those of his cerebrospinal fluids. 

Whatever may be true of sodium [see Dailey, 1931] it appears that, whereas 
the whole of the potassium of serum is ultrafiltrable (and the amount found in 
effusions can be thus explained), the level found in the C.S.F. represents at 
most 65-70 % of that found in the serum. Massaut [1931, 1, 2] and Kral e¢ al. 
[1929], discussing similar results, consider that they are not in keeping with the 
view that cerebrospinal fluid represents an ultrafiltrate of the blood-plasma. 
With this opinion we are in complete accord and suggest that the C.S.F. should 
be compared with the intestinal secretions [Gilman and Cowgill, 1933] which 
are isotonic with blood but contain very different ionic concentrations. 


CONCLUSIONS. 


1. The whole of the potassium of serum was found to be ultrafiltrable and 
the level of potassium found in hydrocele, pleural and ascitic fluids may be 
explained in this way. 

2. The potassium in the cerebrospinal fluid was always found to be lower 
than that in the serum, and consequently lower than that found in serum- 
ultrafiltrates or effusions. So far as potassium is concerned, therefore, the C.S.F. 
does not represent a serum-ultrafiltrate. 


We take this opportunity of thanking all those who have from time to time 
allowed their cases to be investigated or who have helped with the collection of 
material. 

One of us (E. W.) is indebted to the Medical Research Council for a full-time 
personal grant, and the other (R. A. McC.) for a part-time grant. 
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Many biochemical processes involve tedious filtrations which are often rendered 
more difficult by the impossibility of removing very fine particles by means of 
filter-paper. Solutions containing impurities in fine suspension which are not 
removed on centrifuging at 4000 r.p.m. can usually be clarified by passage 
through suitable filters. Application of reduced pressure is, however, contra- 
indicated in the case of solutions of capillary active substances such as proteins, 
on account of frothing which inevitably results in contamination of the filtrate 
by coagulated protein (Ramsden phenomenon) and also because of the excessive 
time required for filtration of considerable volumes of solution. 

In order to facilitate the preparation of certain proteins which is being 
undertaken at this Institute, an apparatus has been designed by means of which 
positive pressure filtration of liquids can be effected at pressures up to 120 atmo- 
spheres, the maximum pressure obtainable from commercial nitrogen cylinders. 
For clarifying liquids and for bacteriological purposes, Seitz “‘Entkeimungs- 
schichten,” size 6, or suitable large-pored collodion membranes may be used 
with this apparatus, while for high-pressure ultrafiltration circles of cellophane 
Nos. 300 or 600 supported by 6 cm. circles of No. 42 Whatman filter-paper are 
suitable. 

The apparatus described differs from those of Bechhold [1907], Aitken and 
Kay [1927], McBain and Kistler [1931] and Nicholas [1932] in that it is made 
of ‘‘Staybrite’ Austenitic” steel throughout, possible electrolytic effects due to 
the use of more than one metal thus being eliminated. A surface of austenitic 
steel appears to be more inert to protein solutions than the surfaces of brass, 
nickel, bronze or silver used by the above authors. 

Various aspects of the apparatus are clearly shown in Figs. 1-4. The cylinder, 
of 370 cc. capacity, is closed at the top by a cap provided with a pressure gauge 
and needle valve to which is attached a specially designed cotton-wool filter 
(Fig. 4) which prevents entry of particles from the feed pipe and gas cylinder. 
This cap when tightened against the fibre insert in the upper rim of the cylinder 
need not be removed, since the filter is charged with liquid through the tapped 
hole carrying the pressure gauge. The filtering medium, supported by a stainless 
steel gauze (100 mesh), in turn supported by a perforated steel plate, is pressed 
tightly against the fibre insert in the bottom of the cylinder when the annular 
screw cap is tightened against the shoulder of the funnel which collects the 
filtrate. The upper rim of the funnel is ground perfectly flat in order to make a 
gas-tight joint. A locating dowel welded into the upper rim of this funnel 
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Fig. 1. (} actual size.) Fig. 2. (} actual size.) 
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prevents twisting of the filtering medium during assembly. Lugs welded into 
the circumference of the filter, as shown in Fig. 1, enable the whole to be 


assembled by means of a key and the socket of cast iron =! 
illustrated in Fig. 5. This socket is fixed to a block of as 

- 5 : ee ; 7 O ne 
hard wood screwed to the floor. When using Seitz filtersthe . 


apparatus may, if desired, be autoclaved after assembling. / os \ 

A smaller filtering area than might have been obtained | 
for the same capacity of filter was chosen so that standard 
6 cm. Seitz pads could be used, and so that small volumes Pee 
of liquid could be dealt with without undue loss. 

The filter is connected through the needle valve and Sas - 
dust filter to a nitrogen cylinder by means of a flexible Fis. 5. 
copper pipe tested to a pressure of 5000 lb./sq. inch. It 
is quite safe to apply full cylinder pressure to the filter as it also is tested to 
5000 Ib./sq. inch. Filtration at 110 atmospheres through Seitz pads is very 
rapid and even through cellophane No. 300 about 100 ce. per day of a 0-6 % 
solution of bovine serum-albumin may be ultrafiltered. 

This apparatus has proved invaluable for numerous purposes such as clarifi- 
cation of biological solutions unaffected by centrifuging, sterilisation of bacterio- 
logical media without application of heat and fractionation of colloidal solutions 
by ultrafiltration. 

SUMMARY. 


A high-pressure ultrafiltration apparatus constructed solely of stainless steel 
is described. Various applications of the apparatus are indicated. 


Our thanks are due to Mr A. E. Rowsell for his skilled technical advice 
in the design of this apparatus. It was skilfully made by the Pulsometer 
Engineering Co., Reading, and it is a pleasure to express our gratitude to 
Mr J. B. Clewes of that firm for the great care taken by him in supervising 
its construction. 
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It has been reported by the writer [1932, 1], in a discussion on enzymes, that 
urease is poisoned by exceedingly minute quantities of polyhydric phenols and 
is completely protected from such poisoning by thiol compounds. This paper is 
concerned with a description of these phenomena. 


T ch nN ique - 


The experimental method adopted was that described in a previous com- 
munication [Quastel, 1932, 2] on the effects of dye-stuffs on urease. Briefly it 
consisted in exposing urease, prepared from soya bean or jack bean, to a dilute 
solution of a polyhydric phenol, at 45° and p, 7-4, for 1 hour. Urea was then 
added to the mixture, and the ammonia formed at the termination of a sub- 
sequent hour’s incubation at 45° was estimated by a suitable aeration methcd. 
The amount of enzyme usually taken was just sufficient to decompose 0-03 g. 
urea in | hour at 45° in the presence of phosphate buffer at an initial p,, of 7-4, 
i.e. the amount of V/10 ammonia liberated by the enzyme under these circum- 
stances was 10 cc. Preliminary experiments were performed to determine the 
any urease preparation, and the appropriate quantity was taken to 


activity of 
fulfil the above conditions. 

Urease from soya bean was prepared by shaking 1 part of soya bean meal with 
9 parts of water for 30 minutes, centrifuging and diluting the centrifugate until 
the preparation had the desired enzymic activity. On certain occasions the en- 
zyme was purified by passing CO, through the preparation so that proteins etc. 
were precipitated. Urease from jack bean was prepared in a similar manner, 
the amount of dilution of centrifugate being much greater (approximately 
15-fold) to obtain a preparation of the same activity. A solution of crystalline 
urease was obtained from jack bean by Sumner’s method. Solutions or sus- 
pensions of the enzyme were stored at 0° and frequently examined for change of 
activity. Fresh preparations were made as soon as any appreciable loss of 
activity occurred. 

In a typical experiment | cc. of the urease preparation was added to 2 ec. M/5 
phosphate buffer solution p,, 7-4. The phenol and any other substance! under 
investigation were added, and the volume was made up to 9 ce. with distilled 
water. The mixture was incubated at 45° for 1 hour. 1 cc. 3 °{ urea was then 
added and the incubation allowed to proceed at 45° for a further hour. At the 

\ll solutions of substances added to the enzyme were brought to py 7-4 at the commence- 


ment of the cperiment. 
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end of this period the free ammonia was estimated on 1 cc. and compared with 
that obtained from urease treated under similar conditions but in the absence of 
the phenol (i.e. with a control experiment). 


The toxic action of polyhydric phenols. 

Representative results showing the effects of a number of polyhydric 
phenols, each at a final concentration of 1/10,000, on the activity of jack bean 
urease are recorded in Table I. The percentage inhibitions of the activity of the 
enzyme are given. 

Table I. Percentage inhibitions of activities of urease 
(jack bean) by polyhydric phenols 1/10,000. 


Catechol 98 
Resorcinol 2 
Quinol 99 
Pyrogallol 96 
Phloroglucinol 0 
Gallic acid 96 
Adrenaline 94 
Protocatechuic acid 51 
Protocatechuic aldehyde 15 


The following facts are of note: 

(1) Of the three dihydric phenols, resorcinol exhibits no inhibition of urease 
activity (within the experimental error). Catechol and quinol, on the other 
hand, are extremely toxic. 

(2) Phloroglucinol is inactive, but pyrogallol is highly toxic. 

(3) The inhibitory action of catechol is decreased by the introduction into 
the molecule of a —COOH group (protocatechuic acid) or a —CHO group 
(protocatechuic aldehyde). 

Examination of Table II, in which the percentage inhibitions of the activity 
of jack bean urease by various concentrations of polyhydric phenols are noted, 
shows that catechol and quinol exert highly toxic actions at a concentration of 
1 part in a million. Pyrogallol proves to be less toxic than catechol or quinol. 


Table IT. Percentage inhibitions by various concentrations 
of polyhydric phenols (jack bean urease). 


1/10? 1/10° 1/108 


Catechol 98 96 80 
Quinol 99 95 80 
Resorcinol 2 l 0 
Gallic acid 96 57 10 
Protocatechuic acid 51 Ll 0 
Pyrogallol 96 91 31 


The behaviour of adrenaline is of some interest. This substance is highly 
toxic to urease, but the toxicity varies greatly with the purity of the enzyme. 
For example, whereas adrenaline at a concentration of 1/10,000 effected 92 % 
inhibition of the activity of a jack bean preparation of urease, it only produced 
40 % inhibition of a soya bean preparation of the same enzymic activity. The 
latter preparation contained a greater quantity of impurities in the form of 
proteins efc. than the jack bean preparation. 

Similarly adrenaline at a concentration of 1/20,000 effected 96 °%% inhibition 
of the activity of a crystalline urease preparation and 36 °% inhibition of activity 
of a jack bean preparation of the same enzymic strength. 
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This behaviour is very similar to that of many dyestuffs [Quastel, 1932, 2], 
whose toxicities towards urease are less in the presence of proteins than in their 


absence. 


Catechol and quinol, however, even at a concentration of 1/100,000 are as 
toxic to soya bean as to jack bean preparations of the same enzymic content, 
which indicates the very powerful affinity of certain chemical groupings in 
urease for these dihydric phenols. 


The influence of thiol compounds on the toxicity of polyhydric phenols. 


If a thiol compound be added to a mixture of urease and a toxic phenol 
(at p,, 7-4), the inhibitory action of the latter is either diminished or eliminated. 
Such thiol compounds are cysteine, glutathione, thiolacetic acid and H,S. Sodium 
hydrosulphite is also very effective. Illustrative results are shown in Table III. 


Table III. Percentage inhibitions of urease activity (jack bean) by catechol 
(1/10,000) in presence of various sulphur compounds (at py 7-4). 


Concentration Percentage 

Sulphur compound x inhibition 
None 95 
Cysteine 0-05 0 
Glutathione 0-05 33 
Thiolacetic acid 0-05 0 
Dithiodiglycollic acid 0-05 93 
Sodium hydrosulphite 0-02 18 
HS water* — 0 

* Prepared by passing H,S through distilled water for 5 minutes. 1 cc. of this was added to 


the mixture of enzyme and catechol, the final volume being 10 cc. 


The percentage inhibition of urease activity effected by catechol or quinol 
decreases with increasing concentration of thiol compound present. Typical 
results are shown in Table IV. 


Table IV. Variation in percentage inhibitions of urease 
(jack bean) activity by catechol or quinol in the presence 
of varying concentrations of thiolacetic acid*. 


Concentration of Concentration of °” inhibition 
catechol VM thiolacetic acid VM of activity 
1-8 10-* S84 
l-l lO 66 
2-7 x 10 15 
5-4 x 107° 12 
Concentration of 
quinol M 
1-8 x 10-5 97 
1-1 x 10~° 76 
9.7 1Qo7-> 60 
5-4 LO-* 22 


* Present as the Na salt. 


Similar results to those given in Tables IIT and IV may be obtained with 
soya bean urease and with a crystalline preparation of the enzyme. The toxicities 
of 1/10,000 concentrations of adrenaline, protocatechuic acid and gallic acid as 
well as those of catechol and quinol are entirely eliminated by 0-05 °% thiolacetic 
acid. The oxidised form of this thiol compound—dithiodiglycollic acid—has no 
detoxicating action (Table ITI). 
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The action of potassium cyanide and of amino-acids. 


It is well known that urease is poisoned by traces of metals, the toxicity 
being entirely removed by the presence of cyanide. Sumner has shown that the 
decrease in activity of crystalline urease in aqueous solutions is to be attributed 
to traces of metals (probably copper) in the water—the addition of a trace 
of cyanide to the water restores the full activity of the enzyme. Jacoby [1933] 
has recently made a study of the toxic actions of metals on urease and of the 
reactivating effects of cyanide and thiol compounds. 

It seemed conceivable that the toxic effects of polyhydric phenols might be 
due to the presence of traces of metals. Recently the writer [1932, 2] has shown 
that hydroxylamine is highly toxic to urease but that the toxicity is entirely 
removed by the presence of 0-01 °% potassium cyanide. Probably the hydroxyl- 
amine was contaminated with metals. 

Investigations with catechol or quinol failed to show any reactivating action 
of potassium cyanide when this was added to a mixture of urease and the 
phenol. For example the activity of a crystalline urease preparation was 
destroyed to the extent of 97% by the presence of 1/10,000 catechol. On 
addition of 0-01 % potassium cyanide the inhibition of activity became 96 °%. 
When a much more dilute solution of catechol was used a very slight protective 
action of the cyanide was found, but with quinol as the toxic agent the writer 
has failed to find any protective action of cyanide (see Table V). 





Table V. Percentage inhibition of urease (jack bean) activity by catechol 
and quinol in presence of KCN and amino-acids. 


Catechol Quinol 
500,000 1/100,000 
Control 89 100 
KCN (0-01 %) 78 100 
Glycine (0-1 %) 61 100 
Aspartic acid (1 4) 35 100 


It appears very unlikely from these results that metallic impurities are 
responsible for the toxicity of catechol or quinol—a conclusion supported by 
the fact that purification of catechol by repeated subiimation failed to show an 
appreciable reduction in toxicity. 

It has been shown by the writer [1932, 2] that amino-acids and amines afford 
protection to urease against the toxic effects of many dyestuffs. With very 
dilute solutions of catechol such protection can also be observed with glycine or 
aspartic acid, but the degree of protection is far smaller than in the case of the 
dyestuffs. Typical results are shown in Table V. 

With a concentration of catechol and quinol of the order of 1/100,000 no 
protective action by amino-acids has been observed. Methylamine (J//30) 
which protects urease against the toxic activity of brilliant green (1/50,000) 
failed to show any protective action against 1/500,000 catechol. 

These results show that the affinity of the toxic dihydric phenols for urease 
is far greater, under comparable conditions, than those of the most toxic dye- 
stuffs yet investigated. This particularly high affinity is shown also in the fact 
that the presence of proteins such as those of egg-white or serum fail to protect 
urease from the toxic action of catechol (1/10,000). 

It is, however, a fact of some interest that whereas egg-white does not 
protect urease (jack bean) against catechol, boiled egg-white is very effective. 
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Eq. °, inhibition of urease by 1/500,000 catechol in presence of 1 cc. 10 % 
egg-white! is 89; % inhibition of urease by 1/500,000 catechol in presence of 
l ec. 10 & boiled egg-white is 7 

The most likely explanation of this phenomenon in view of the protective 
effects of thiol compounds already described is that the action of boiled egg- 
white is due to the liberated thiol groups. 


Mode of action of catechol or quinol. 


If the toxicities of catechol or quinol are due to their hydroxyl groups it is 
difficult to understand the mechanism of action of thiol compounds or of sodium 
hydrosulphite in producing a reactivation. Since the possibility of metallic 
compounds being responsible for the toxicity of the dihydric phenols is remote, 
it seems likely that the toxicity may be due to the presence of oxidation products 

f the phenols, these oxidation products being reduced by thiol compounds or 
iin hydrosulphite to inert compounds. Two oxidation products suggest 
themselves: (a) hydrogen peroxide, (6) the quinone corresponding to the dihydric 
phenol. 

(a) Toxicity of hydrogen peroxide. Hydrogen peroxide has a powerful in- 
hibitory effect on the activity of urease, but a comparison of the toxicities of 
hydrogen peroxide and catechol at equivalent concentrations shows the latter 
to be the more toxic agent (see Table VI 


Table VI. Pe rce ntage inhibition of urease (jack bean) activity by cate chol, 
hydroge n pe roxide and i] hype rol e 


Concentration 


i inhibition 
Catechol 1-8 x 10- 85 
Hydrogen peroxid 1-7 x 10~-4 28 
99 59 4-4 1o-4 52 
**Hyperol”’ 2-1 x 10-4 39 


‘Hyperol”’ (an equimolecular compound of urea and hydrogen peroxide) is 
also less toxic than catechol. It follows that the toxicity of the latter cannot be 
due to the presence of traces of hydrogen peroxide in the aqueous solution of 
the dihydric phenol. 

b) To rill j of quinone. On comparing the toxicities of quinone and quinol 
at equivalent concentrations it was found that the former had the greater 
inhibitory action (see Table VII). 


Table VIL. Pere ntage inhibitions of urease activity by quinol and quinone 5 


Concentration inhibition 

Quinol 1/2.500,000 64 

Quinone 1 2.500.000 9S 

1/5.000,.000 57 
Quinone reduced the activity of urease (jack bean), under the experimental 
conditions given, over 50 °% ata concentration of 1 partin 5 millions. Considering 
this very high activity of quinone it is not unreasonable to assume that the 
toxicity of aqueous quinol solutions may be due to the presence of traces of 


quinone. Quinol, even at very high dilutions, may well give rise to concentrations 
of quinone of the order of 1 part in 5 millions, since exposure of the solutions 


1 


Prepared by adding 1 cc. fresh « white to 9 cc. water. 
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to atmospheric oxygen takes place freely under the experimental conditions 
employed. Experiments under anaerobic conditions have been carried out with 
a view to determining whether quinol was less toxic under these conditions, but 
the results were not satisfactory and mostly negative, owing, it is believed, to 
the difficulty of removing all traces of oxygen and of obtaining a specimen of 
quinol which could be assumed at the outset to be free from traces of quinone. 

If the toxicity of quinol or catechol is due to the presence of the corresponding 
quinone in the aqueous solution and the protective action of thiol compounds 
is due to reduction of the quinone, it would follow: 

(a) That the toxicity of a mixture of catechol and hydrogen peroxide should 
be greater than the sum of the individual toxicities owing to the production (by 
interaction of the peroxide with catechol) of a quinone more toxic than the 
hydrogen peroxide. 

(6) That the amount of thiol compound necessary to protect urease from the 
toxic action of quinone should be greater than that necessary to protect urease 
from the toxic action of an equivalent concentration of quinol. 

These predictions were verified by experiment. The following are typical 
results. 


l. Toxicity of a mixture of catechol and “hyperol” towards soya bean urease 
(purified by COs precipitation). 
(a) Percentage inhibition of activity due to 1/5,000,000 catechol 30 
(6) Percentage inhibition of activity due to 1/50,000 “‘hyperol” 5 
(c) Percentage inhibition of activity due to a mixture of 
1/5,000,000 catechol and 1/50,000 “‘ hyperol”’ fa 87 


a Comparison of the protective actions of thiolacetic acid against the toxic 
effects of quinol and quinone (jack bean urease). 

(a) Percentage inhibition of activity due to 1/10,000 quinol 99 

(b) Percentage inhibition of activity due to a mixture of 
1/10,000 quinol and 1/20,000 thiolacetic acid? ss 12 

(c) Percentage inhibition of activity due to 1/10,000 quinone 100 

(d) Percentage inhibition of activity due to a mixture of 1/10,000 
quinone and 1/20,000 thiolacetic acid oat sa 100 


On increasing the thiolacetic acid concentrations in (6) and (d) to 1/5000 
the percentage inhibitions fell to 3 °% in (6) and 14 % in (d). 


DISCUSSION. 


The evidence as a whole appears to be in favour of the view that the high 
toxicities of catechol and quinol towards urease are due to the presence of the 
corresponding quinones in the aqueous solutions of the dihydric phenols. The 
powerful protective effects of thiol compounds can then be explained as due to 
reduction of the quinones to the dihydric phenols*. Presumably the toxicities 
of other polyhydric phenols are explicable on a similar basis. 

The results are of interest in indicating the existence of substances, other 
than the metals, which are exceedingly toxic to urease and whose effects can be 


1 Present as Na salt. 
2 Baudisch and Dyer [1933] have recently shown that o-quinone is reduced by cysteine to 


catechol. 
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eliminated by the presence of thiol compounds. The fact that the dihydric 
phenols and their corresponding quinones are widespread in the biological 
kingdom lends biological significance to these results and points to the possibility 
that tissue extracts may well contain natural inhibitors to enzymes—quite 
apart from metals—whose effects are diminished or eliminated by sulphydryl 
compounds. 

SUMMARY. 


1. Of the three dihydric phenols, catechol and quinol are exceedingly toxic 
to urease but resorcinol is without action. Quinol at a concentration of 1 part 
in 2 millions will remove over 50 % of the activity of urease under the experi- 
mental conditions employed. 

2. Adrenaline, protocatechuic acid, protocatechuic aldehyde, gallic acid and 
pyrogallol are toxic to urease but less so than catechol. Phloroglucinol is without 
action. 

3. The toxicity of catechol or quinol at concentrations as low as 1/100,000 
is not affected by the presence of potassium cyanide or amino-acids. This 
distinguishes the toxicity of catechol or quinol from that of metals or that of 
dyestuffs. The presence of protein (serum or egg-white) does not protect urease 
from catechol. Boiled egg-white has a protective action (due probably to 
liberated thiol groups). 

4. Thiol compounds (cysteine, glutathione, thiolacetic acid, H,S) and 
sodium hydrosulphite diminish or eliminate the toxicity of polyhydric phenols 
to urease. 

5. Hydrogen peroxide and “hyperol’’ though very toxic to urease are less 
so than catechol. 

6. Quinone is more toxic to urease than quinol. 

7. Evidence is given to show that the toxic effects of catechol and quinol 
are probably due to the presence of the corresponding quinones in the aqueous 
solutions of these dihydric phenols, and that the protective action of thiol com- 
pounds is due to reduction of the quinone to the corresponding dihydric phenol. 


The writer is indebted to the Medical Research Council for a grant towards 
the equipment of this laboratory. 
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As has been indicated in Part VIIT of this series [ Dickens and Greville, 1933, 1], 
the oxidation of protein by animal tissues may lead to different values of the 
respiratory quotient according to the nature of the nitrogenous end-products. 
The calculation of the theoretical values of R.g. from protein oxidation is 
difficult, but arbitrary values showing the order of R.Q. to be expected may be 
derived using Loewy’s [1911] figures for the analysis of meat protein and 
assuming the complete elimination of the protein-nitrogen as ammonia, urea 
or uric acid. When this is done the values obtained are approximately 0-94, 
0-8 and 0-7 respectively. If, then, protein oxidation becomes an appreciable 
part of the total aerobic metabolism, the R.q. may be greatly altered in a 
direction determined by the nature of the nitrogenous end-product, so that for 
the interpretation of the R.Q. it is important to establish the extent and nature 
of the protein oxidation and to assess its influence on the respiratory measure- 
ments. 

Whilst numerous estimations of ammonia formation in isolated animal 
tissues have appeared, relatively few of them apply to the conditions of our 
experiments, and in still less has any correlation with the respiratory exchange 
been attempted. In the present paper we record estimations of NH, formation 
under the conditions previously employed for the classification of tissues ac- 
cording to their level of R.@. in glucose-containing media [Dickens and Simer, 
1930, 2; 1931, 2]. The effect of sugar deprivation on the metabolism has already 
been described [Dickens and Greville, 1933, 1, 2] and we therefore include 
measurements of NH, formation in glucose-free media. As an example of the 
effect of other sugars we have extended the measurements to the behaviour of 
tissues in fructose. In all these cases simultaneous measurements of respiratory 
and glycolytic exchange have been carried out on the same portions of tissue 
as those used for the ammonia measurements. In addition, in a few selected 
cases the urea formation has been simultaneously estimated. 


Methods, 


The respiratory measurements were made by the methods of Dickens and 
Simer in phosphate- [1930, 1] and in bicarbonate-Ringer solution [1931, 1]. 
Thin slices of tissue, prepared immediately after the death of the animal, were 
well rinsed by suspending in oxygenated sugar-free Ringer solution for 5-10 
minutes. Equal weighed portions (usually 70-100 mg. wet weight) were then 
transferred to Ringer solution (1-5 to 3 cc.) contained in the manometric vessels, 
provided with side-bulbs containing a slight excess of 2V HCl. The initial py 
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of the Ringer solution was 7-4 and when glucose and fructose were added their 


concentration was 0-2 %. For each experiment two such vessels were used, 
placed side by side in the thermostat at 37°. After shaking for 10 minutes the 


acid was added from the bulb to one portion, which was removed from the 
bath after the necessary measurements of pressure change giving the CO, con- 
tent, and the contents were used for determination of the preformed NH,. The 
respiratory experiment was continued with the other portion of tissue, which 
was treated similarly at the end of the experiment. The difference of ammonia 
contents, corrected if necessary for any difference in the dry weights of the two 
portions of tissue, gave the ammonia formation during the experimental time 
of 2 to 5 hours. A similar procedure was used for the anaerobic experiments, 
which were made in bicarbonate-Ringer solution saturated with nitrogen con- 
taining 5 % CO,. 

Ammonia was estimated by the method of Stanford [1923] with the modifi- 
cations recommended by Watchorn and Holmes [1927] and Biilow and Holmes 
[1932]. Deproteinisation, by addition of a slight further excess of N HCl 
(0-1 ce.) and 10 % sodium tungstate (0-5 cc.), was used in some experiments; 
and whilst this was found advisable with some tissues, particularly with spleen 
with which without deproteinisation foaming may occur during distillation, its 
use did not ever materially affect the ammonia values obtained. Ammonia-free 
water and tested reagents were used, and no ammonia was allowed in the 
laboratory. With these precautions the results of duplicate analyses agreed well, 
particularly when the ammonia-formation was pronounced. For very small 
amounts (under 4y, say) the method is probably not sufficiently accurate; 
though provided the quantities of tissue are sufficient, as in our experiments, 
such experiments are of value in showing that the amount of ammonia forma- 
tion is negligible in relation to the total metabolism. 

Figures for ** preformed’’ ammonia estimations are often lacking from publi- 
cations on this subject. That they are frequently large, indicating a far higher 
ammonia content than that of the blood, for example, has been pointed out fo1 
brain-tissue by Schwarz and Dibold [1932]. Our experience confirms this; and 
in some of the other tissues quite high values were obtained (Table I). On the 
origin of this ammonia, on the extent to which it is traumatic, we express no 
opinion. Determinations of the ammonia contents of different slices of the same 
tissue, treated similarly as in our experiments, agree quite well; and nothing 
suggests that any uncertainty as to the “preformed” value is considerable 
enough to cause significant error in our measurements of the change in total 
ammonia. 

Urea was estimated by the manometric urease method of Krebs and Henseleit 
[1932], which is particularly suitable for the detection of very small quantities 
of urea in these experiments, since its accuracy is unaffected by the presence of 
ammonia. Instead of soya bean we used powdered jack bean (** Arlco’’) with 
excellent results, as shown by analysis of standard urea solutions. 


Results. 


The data showing the extent of ammonia formation are collected in Table I, 


where the ammonia formation in bicarbonate- (B) or phosphate-Ringer (P) 
solution is given in y NH, per mg. dry weight of tissue. The actual amounts of 
NH, measured were usually from 5 to 15 times as great, according to the weight 
of tissue used. The simultaneously determined values of respiration (QYo,), R-Q., 
aerobic and anaerobic glycolysis (Q{? and Q};) are given in Table II for the 
same pieces of tissue as those used for ammonia estimation. Table III shows 











Exp. Time Pre- 
No. Medium (hours) formes 
Retina (rat): 
l , 5 3-6 
2 B 5 0-3 
3 P 5 = 
Testis (rat): 
t B 3 0-07 
5D 3 3 0-28 
Kidney (rat): 
6 3 3 0-82 
7 B 3 0-12 
8 B 3 0-40 
Spleen (rat): 
9 B 3 1-03 
10 B 3 


11 B 2-25 


Liver (rat): 


12 B 4 
13 B 3 


Embryo (chick)*: 
114 B 
15 r 
16 B 
d 17 P 
e 18 P 
f 19 P 


Embryo (rat)*: 


pocesnerctinnnsismeessNaseescemenasiistonatin 


ss — 
0-38 
C-64 

17 — 

5 0-30 

5 0-50 

OF 

~~ — 


g 20 B 3 0-30 
Yotk-sae (rat): 
21 B 3-87 0-29 
22 B 3 - 
23 B 3-17 0-32 
Jensen sarcoma (rat): 
24 B 3 0-47 
25 B 3 0-15 
26 2-5 — 
27 B 2-5 0-28 
28 B 3 — 
Kidney (rat): 
6 B 3 0-96 
7 B 3 — 
38 B 3 0-42 
30 B 2 0:36 
Testis (rat): 
5 B 0 0-71 
l aes 
3 —- 
Liver (rat): 
13 B 3 0-34 
12 B 4 ~ 
es 0-51 
29 3 3:33 J 
. I ae 0-30 
Spleen (rat): 
9 3 3 — 
1O B 3 = 
Jensen sarcoma (rat): 
24 B 3 - 
25 B 3 1-Ol 
26 B 2°5 —- 


* Embryo dry weights: 
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Table I. Ammonia formation. 


Glucose 


1 Final 


1-68 


1-97 
0-26 


0-71 


Ammonia-nitrogen, 10~* mg. per mg. dry tissue 


Fructose 


Pre- 


Diff. formed 


AEROBIC EXPERIMENTS, 


—(Q-4 = 
0-50 0-17 
_ fi 
15 
0-01 0-10 
—0-05 — 
1-91 0-60 
3 0-16 
0-39 0-29 
0-07 1-40 
— 0-59 
0:3 
0-27 os 
0-18 
cate 0-13 
—0:20 0-42 
0-11 0-51 
— 0-72 
0-04 0-16 
0-24 0-52 
— 0-89 
— 0-34 
0-00 0-25 
0-03 0-21 
0-46 — 
0-06 — 
0-01 0-07 
— 0-22 
0-07 — 
— 0-51 


Final 


0-21 
3-0 


3-0 


O-O9 


2-01 





1-82 
0-59 


0-20 
0-22 


0-27 


0-79 
0-70 
0-66 
0-78 
0-99 
0-82 


0-28 
0-58 


1-06 


ANAEROBIC EXPERIMENTS. 


0-72 0-47 
1-55 0-55 
—0-10 — 
0-15 _— 
- 0-36 
0-21 ¥: 
0-13 
— 0-54 
—0-30 0-40 


0-89 


a, 6-0; b, 5-1; ¢, 7-6; d, 7-6; e, 5° 


Diff. 


0-21 
0-36 


0-55 


2 
0-385 


1 5 


0-49 


“io 


Pre- 


forme 


0-54 


0-48 
0-51 
0-59 


0-25 


0-0 


0-74 
0-47 


0-16 
0-23 
0-29 
0°35 
0-60 


0-56 
0-23 
0-21 
0-21 


0-65 


2-30 


0°35 


0-57 


0-28 


C 


‘3; g, 6-8 mg. 


1 
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No 


1125 


additi 


Final 











0-87 
0-4] 


O-S¢ 


ih 


Diff. 


2-54 
3-04 


0-16 


0-58 
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Table II. Respiration, respiratory quotient and glycolysis. 


Glucose 


Ex} Time oo 
No. Medium (hours)  R.@. Qo OY 
Re i 
l P 5 » 24 5 
2 B 5 0-94 20-3 22-5 
P 5 — ome — 
Testis 
4 5 3 0-88 10-2 6-8 
5 B 0-93 6-9 4-2 
Kidt 
( B 3 0-87 24-0 —(0-9 
7 B 3 0-84 19-3 0-0 
S B } O-87 22-2 2-0 
0) B 2 -- —— - 
9 B 3 0-92 10-8 1-8 
10 B 3 0-89 11-0 5-3 
; : oa Jee 17-0 6-7 
ll b —— 0-86 14-6 6-5 
Live 
12 B 1-08 ass eB e 
13 B 3 0-67 7-3 2-5 
Chick en y 
14 B 1 0-95 10-9 41-5 
15 I 4-17 13-3 — 
16 3 3-5 1-02 9-1 2-4 
17 P 3-5 1-02 10-3 
18 I 3 ; ; 
9 P 4-25 -- ~- - 
Rat embry 
20 I 0-97 11-1 v2 


21 B 3-9 (11-0) 

23 3 317 10 10-3 >. 4 
Jenser it Sar¢ 1 

24 5 0-81 13-4 11-1 
25 B 

2 P 2-5 085 10-6 

27 B 2-5 0-83 9 9 
28 B 3 


Fructose 


Qu R.Q. Qo Co Qh 


17-2 0-3 = 
1-02 14-6 
7 (0-99 162 7 
= 0-82 8-5 2-1 _ 
i-S 0-92 24-6 0-0 1-3 
1-8 0-91 27-6 0-1 
7-6 0-89 24-9 0-2 2-8 
0-81 10-5 3-6 — 
0-85 12-7 1-0 bo 
S 0-79 8-5 2-9 1-0 
(0-77 7-4 3-5 
1-7 0-78 7-0 3-0 36 
_ 0-94 8-1 0-6 
—_ — 12-1 ~ 
0-89 8-5 0-0 
= 0-95 9-1 — 
0-96 9-3 — 
O-87 9-6 — —- 
0-95 11-4 0-0 = 
0-98 11-0 1-] - 
21-2 0-76 11-3 6-6 10-7 
O-87 13-1 


Table I | I. Urea formation Pe 


Glucos 
lec Ss < 0 O 
N M 1 1 ) ¢ x 
( ) la 
| 9-3 
D> 
- i 
Rat Ss 
| 1-O4 2-0) 2 
S sa 
27 B 2-5 0-8: 9 ) 
it 
j } 0-60 738 ) 


mm.* urea-CO, 
Q = te 
mg. (dry) tissue x hrs 


Fructose 
O QO OY ( 
, R.Q co. uM ¢ 
0-1 0-85 10-4 0-4 0-0 
0-96 9-7 0-0 
1 1 - 
()-? _ _ 
()-2 0-70 9-0 3-4 0-1 


© 


0-83 


0-83 


0-70 
0-58 
0-91 
0-87 
0-95 


0-87 


0-89 
0-78 


0-91 
O-S8O 
0-92 


0-67 
0-73 
0-81 


=-9 


R.Q. 


0-84 
0-94 


0-94 
0-94 
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0-66 


Yo, 


3-0 
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19-0 
18-9 


8-9 
9-0 
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12:8 


No addition 
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No addition 
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the results of simultaneously made estimations of urea. In this case the values 
of “‘preformed”’ urea are omitted as they were in all cases negligible [¢f. Krebs 
and Henseleit, 1932]. 

From the figures given in Table III it is evident that in none of the cases ex- 
amined (rat liver, embryo, yolk-sac, Jensen rat sarcoma) was the urea formation 
appreciable when compared with the total metabolism, under the conditions of 
our experiments. The effect on the R.Q. of retention of carbon as urea to the 
extent indicated in Table III would be hardly detectable. Naturally, these 
observations apply only to washed tissues in ordinary Ringer solutions. Under 
special conditions, as in the presence of fairly high concentrations of ammonia, 
the urea formation by isolated liver tissue may be very large, as Krebs and 
Henseleit have shown. It should be noted that these authors found that rat 
brain, retina, kidney, spleen, testis and yolk-sac do not produce measurable 
amounts of urea, even under conditions which are optimum for urea formation 
by liver. Taking our results in conjunction with these, we may probably neglect 
the possibility of urea formation by the tissues discussed in this paper. 

Relationship of NH; formation and respiration. In order to correlate the 
observed values of respiration (Qo,) with the ammonia formation it is con- 
venient to calculate the latter in similar units to the Warburg units for respira- 
tion: Oxy, is then expressed in mm.* NH, (at 0° and 760 mm.) formed per mg. 
dry weight of tissue per hour (10- mg. NH, = 1-32 mm.3). These values, and 
their means, have been collected in Table IV. 

These figures, taken in conjunction with the respiratory measurements 
already given, give an idea of the extent to which protein oxidation leading to 
ammonia may contribute to the total metabolism. Taking the figures used by 
Loewy [1911] for the analysis of a typical protein, and assuming complete 
elimination of all N as ammonia with complete oxidation of the remainder of 
the molecule, the calculation of R.Q. for pure protein oxidation is as follows: 





100 g. protein C 58-4 H 7:3 O 22-7 N 16-65 S 1-02 
Deduct for NH, 3-6 16-65 
re S-oxidation 1-5 1-02 
intramolecular H,O 2-65 21-2 
Residue for oxidation Cc 


58-4 H 1-05 
Requires: O, 155-8+8-4+1-5=16 
Produces: CO, 214 


Oxidation of 1 mg. protein thus requires 1160 mm.* oxygen and produces 
1090 mm.* carbon dioxide together with 0-202 mg. NH, (= 266 mm.*). Hence 
the ratio 


Q, mols. oxygen consumed 1160 
wor _S______ _ —__ = 4-4 approx. 
Onuy mols. ammonia produced 266 


for the complete oxidation of this protein to NH;, CO,, H,O and SO,;. Since 
the tissue proteins vary somewhat in composition and it is uncertain how far 
the oxidation follows the above course, it is clear that this value may only be 
used as an approximation, but as such it is a useful guide to the probable 
amount of ammonia-producing protein oxidation. In the right-hand columns 
of Table IV are given the individual and mean values of the ratio Yo,/Qnu,: in 
the calculation of the latter the mean Qo, of all experiments with the given 
tissue (Table II) has been divided by the mean Qyy,. 

Inspection of these figures shows that the ammonia formation is almost 
always greatest when no sugar is supplied to the tissue. In sugar-free media 
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the amount of protein oxidation, if this be indicated by the Qo,/Qnu, ratio, 


may rise to about one-half of th 
rat sarcoma). In the ammonia- 


Table IV. Relation 


e total respiration (retina, kidney, spleen, Jensen 
producing tissues, with the exception of kidney, 


of ammonia formation to respiration. 


mols. O, 


x Qo./Q 
mols. NH, 202/Qxn3) 





Qxu 
Exp. No No 
Tissue No Glucose Fructose addition Glucose Fructose addition 
Retina l —0-13 0-29 ( -— 190) — 10-3 
2 0-16 0-01 — 27 1700 _ 
S 0-60 — S 24 2.9) 
3 — 1° 18 0-55 _— 1 34 Sz 
Mean* 0-02 0-28 0-42 Large 58 g 
Testis 4 0-005 -0-005 0-21 2000 (-—1700) 23 
5 — 0-02 0-18 ( — 350) — 17 
Mean (-—0-01) (-0-005) 0-20 Large Large 20 
Kidney 6 1-02 0-75 1-67 23-5 32-8 10-3 
7 1-29 0-73 1-35 15-0 37°8 14-0 
8 0-2] 0-20 1-62 106 124 11-7 
Mean 0-84 0-56 1-55 26 46 12 
Spleen 9 0-04 0-22 0-50 270 48 17-8 
10 — 0-00 0-90 Large 10-0 
0-22 ‘ 77 7 
11 10-19 —- 1-29 77 — 7-0 
Mean 0-12 0-11 0-90 104 105 10 
' 0-008 an { 106 ae 
Liver 12 a {9 008 -0-035 — {a4 (-220) 
13 —0-11 0-08 0-053 ( — 66) ( —87) 162 
Mean -—0-11 —0-01 0-01 ( -—ve) (—ve) (Large) 
Chick embryo 14 0-044 0-11 0-44 250 74 18 
15 - 0-00 — a Large i 
16 0-018 0-23 0-24 510 37 31 
17 0-11 0-12 0-32 94 76 28 
18 0-05 0-57 alone 184 16 
19 - 0-18 0-71 _ 53 11-7 
Mean 0-06 0-12 0-46 190 79 20 
Rat embryo 20 0-00 0-45 0-91 Large 25-4 10-1 
Rat yolk-sac 21 0-012 0-04 “= 920 270 _— 
29 . . 0-07 a — 160 
23 0-23 _ 0-12 45 — 75 
Mean 0-12 0-04 0-10 89 270 104 
Jensen rat sarcoma 24 0-032 — 0-84 425 - 12-4 
25 0-005 0-11 0-00 2400 103 (Large) 
26 0-23 1-42 — 57 9-0 
27 0-04 1-00 230 - 9-1 
28 —_— 0-29 1-16 a 49 10-9 
Mean 0-026 0-21 0-88 430 61 13 
. mols. O, 7 , ae 
* The mean values ¢ ~ given are the mean values of Qo, divided by the mean 
mols. NH P , 
values of Oxy... 5 
the “‘protein-sparing”’ action of added sugar is apparent; for in the presence 


of glucose the amount of oxida 


formation is certainly small. If1 
to less than 5 


oO 
) 


, of the total ox 





tion of nitrogenous bodies leading to ammonia 
‘eckoned as protein oxidation it usually amounts 


ygen uptake. ‘Protein-sparing”’ is also seen to 











METABOLISM OF NORMAL AND TUMOUR TISSUE — 1129 


occur in the presence of fructose; and our experiments provide an interesting 
demonstration that the phenomenon of “protein-sparing” by carbohydrates 
applies to a wide variety of tissues and persists with isolated tissues in vitro. 

The extent to which ammonia formation occurs is so different with different 
tissues that each must be considered separately. Under our conditions washed 
liver tissue produces barely appreciable quantities of ammonia, and a slight 
ammonia consumption sometimes occurs. It is highly probable that the latter 
is due to urea formation, which, as Krebs and Henseleit [1932] showed, proceeds 
more readily from ammonia in slices of surviving liver tissue than in any other 
tissue examined by them. The experiment (No. 34) in Table III gives an idea 
of the magnitude of urea formation in washed liver. It is roughly of the same 
order as the ammonia figures for the same tissue, that is to say too small for 
accurate measurement and negligible in its contribution to the total metabolism. 
Hence the low R.Q. found with washed liver slices is not due to urea formation, 
and, unless uric acid or some unconsidered nitrogen compound be formed, the 
liver does not derive its energy from oxidation of its own protein. Since isolated 
liver tissue does not apparently oxidise glucose from the medium to any great 
extent [Dickens and Greville, 1933, 1], it seems probable that liver uses a mixed 
oxidation of its own fat and carbohydrate (glycogen) reserves. The value of 
the R.Q. is in accordance with this view [Dickens and Simer, 1930, 2; 1931, 2]. 
In the presence of fructose liver may show a large glycolysis, and the R.q. is 
considerably raised. This shows that the power to oxidise carbohydrate is 
definitely present in liver tissue [Dickens and Greville, 1933, 1], although carbo- 
hydrate oxidation has never been observed to cover the whole respiration. 
Possibly by the use of strong fructose solutions the percentage carbohydrate 
oxidation could be further increased: this is being investigated. 

Unlike liver, kidney shows a strong ammonia formation in all experiments 
in sugar-free media, only partially removed by addition of glucose or fructose. 
This is of particular interest since the kidney is considered by many workers to 
be the seat of nearly all the ammonia formation in the body [see Krebs, 1932]. 
Warburg, Posener and Negelein [1924], however, on the basis of the tem- 
perature coefficient, considered that ammonia elimination by isolated rat’s kidney 
was not a chemical reaction but a mechanical washing-out of preformed ammonia 
from the tissue. They further stated that sugar did not affect the ammonia 
production. The evidence, however, was not convincing and was greatly weakened 
by the demonstration of Patey and Holmes [1929] and of Holmes and Patey 
[1930] that the ammonia production was much less under anaerobic conditions. 
These authors, however, using the differential Barcroft apparatus and chopped 
kidney were unable to show that deamination of added amino-acid (glycine) 
was accompanied by a comparable extra oxygen uptake; but Krebs [1932] has 
since shown that with tissue slices such an increase regularly occurs and has 
demonstrated beyond doubt an oxido-deaminase in kidney and its extracts. 
Holmes and Patey, however, were able to show that, contrary to Warburg, 
Posener and Negelein’s statement, the aerobic ammonia production of kidney 
from its own nitrogen compounds was checked by the addition of glucose, whilst 
the anaerobic conversion was unaffected by sugar. The ammonia formation from 
added amino-acids was more sensitive to cyanide than that occurring without 
substrate, but like the anaerobic breakdown was unaffected by glucose. They 
concluded that two aerobic and one anaerobic mechanisms were at work, all 
resulting in ammonia production, and suggested that at least part of the 
anaerobic formation was from deamination of adenylic acid [¢f. Embden and 
Schumacher, 1929]. 
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Our observations on kidney slices support the results of Holmes and Patey, 
inasmuch as the ammonia formation from the tissue’s own N compounds is 
diminished somewhat by addition of glucose, and more markedly by addition 
of fructose, which is more readily oxidised than glucose by the kidney; and also 
in that the anaerobic formation of ammonia (Table I) without added sugar is 
far less than the aerobic formation. With sugar, however, the difference is much 
less marked, though the anaerobic results are here so variable that our few 
measurements can lead to no definite opinion. From the comparison of the 
aerobic and anaerobic ammonia formation without added sugar, from the effect 
of sugar, particularly fructose, in increasing the R.Q. and the total respiration 
and at the same time lowering the ammonia formation, we see no reason to 
doubt that the ammonia production thus checked is due to oxidative deamina- 
tion, presumably of protein, though possibly in part of amino-acids or of other 
protein breakdown products existing preformed in the tissue. The Qo,/Qnu, 
ratio for kidney (Table IV) suggests that some 30 % of the oxygen uptake of 
kidney tissue without sugar may be due to protein oxidation leading to ammonia. 
Fructose depresses this part of the oxidation to less than one-tenth of the total. 
Glucose has less effect, and kidney is the one tissue yet studied in which a 
fairly large part (perhaps up to a quarter) of the total respiration in glucose 
may be due to oxidation of protein or protein derivatives. Since Holmes and 
Patey found that the ammonia formation by kidney from added amino-acids is 
not affected by glucose addition, and since kidney is the only tissue which readily 
deaminates added amino-acids under aerobic conditions [Krebs, 1932] and is 
the only tissue which produces large quantities of ammonia during its respira- 
tion in glucose, it seems possible that it is the oxidative deamination of pre- 
formed amino-acids in the tissue which may be, at any rate in part, responsible 
for the persistence of aerobic ammonia production in the presence of glucose. 
Finally, this oxidation of N compounds leading to ammonia gives a possible 
explanation of the anomalously high R.Q. of kidney in glucose in comparison 
with its ability to convert glucose into lactic acid [Dickens and Simer, 1930, 2]. 

The nervous tissues, brain and retina, having normally an almost pure 
carbohydrate oxidation, share the property of being dependent on an external 
supply of sugar for the continuance of their respiration [Loebel, 1925; Dickens 
and Greville, 1933, 1]. The effect of glucose and lactic acid on the ammonia 
formation of brain has been fully investigated by numerous authors [Warburg, 
Posener and Negelein, 1924; Loebel, 1925; Watchorn and Holmes, 1927; Biilow 
and Holmes, 1932], and we have not therefore included any of our observations 
in this paper. The ammonia formation of brain may be lowered somewhat in 
the presence of oxidisable metabolites (sugar, lactic acid), but frequently the 
absolute amount of ammonia produced is not markedly affected, as is seen from 
the data of Loebel [1925]. It is mainly the ratio of oxygen respired to ammonia 
produced that is affected in these tissues, this being lowered in absence of sugar 
to a value indicating that a considerable part of the residual oxygen uptake 
may be due to protein oxidation. This, therefore, is a somewhat special case. 
The total respiration is so dependent on the presence of sugar that it falls to 
one-third or less in its absence. At the same time the actual ammonia formation 
is hardly affected. An illusion of “protein-sparing”’ is thus produced, in that 
the protein fraction of the respiration is lessened by the presence of sugar. This 
effect is much less in evidence in most of the other, non-nervous, tissues examined, 
since their respiration is less affected by the presence or absence of sugar. 

The behaviour of retina closely resembles that of brain. Both tissues have 
a fairly large preformed ammonia content. Our experiments with retina suggest 
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some decrease of ammonia production in presence of sugar, but here also an 
illusion of great protein-sparing is produced. The value of the ratio Qo,/Qnu, 
suggests high protein oxidation in absence of substrate, the protein oxidation 
becoming relatively much less in presence of either glucose or fructose, both of 
which support the respiration of retina [Dickens and Greville, 1933, 1]. It is 
hardly practicable to measure the R.Q. of retina without added substrate; but 
that of brain (rat, rabbit) in our experience remains near unity under these 
conditions in conformity with the view that protein is being oxidised to give 
ammonia. As a result of one experiment Loebel [1925] shows a fall of R.Q. to 
0-86, but we find that it is unusual to encounter such a marked decrease. 

Among tissues with less marked glycolytic and sugar-oxidising ability, testis 
shows a point of resemblance to brain in that its respiration falls considerably 
in absence of sugar. Some indication of a protein-sparing action of the sugars 
is given by the fall in ammonia excretion when the tissue is supplied with either 
glucose or fructose (Table IV). The anaerobic ammonia formation may, however, 
be also surprisingly large even in the presence of sugars, making interpretation 
of the results difficult. It is clear from the ammonia figures, however, that the 
metabolism in glucose or fructose does not consist to any appreciable extent 
of oxidation of protein to ammonia; and support is given to the view that 
fructose is oxidised by this tissue [Dickens and Greville, 1933, 1]. 

From Table IV it is seen that spleen has a high ability to form ammonia 
from its own N compounds, or possibly to some extent from those of the blood 
which invariably accompanies this tissue into the manometric vessels, even 
after careful rinsing. Here both glucose and fructose reduce to a low level the 
high aerobic ammonia elimination found in the absence of these sugars. This 
supports the R.Q. measurements in indicating an oxidation of glucose by this 
tissue and renders it probable that fructose is also oxidised to some extent 
even though the R.Q. is apparently not increased by its presence. 

The embryonic tissues studied were the rat yolk-sac and the embryos of 
chick and rabbit. In the first-named tissue the ammonia formation was low in 
all cases, both in presence and absence of added glucose or fructose. There is 
therefore little oxidation of protein resulting in ammonia formation by rat 
yolk-sac under any of these conditions. As Table III shows, the urea formation 
is also negligible. Since in the absence of added substrate the respiration does 
not fall significantly, and the R.Q. remains at a relatively high level, it seems 
probable that the metabolism of the yolk-sac may be adequately supported by 
its own reserves of foodstuff, whose nature is not known [Dickens and Greville, 
1933, 1). 

The chick embryo resembles the rat yolk-sac in the persistence of the respira- 
tion at a nearly unchanged level in the absence of glucose or fructose. On the 
other hand, the ammonia estimations (Table IV) show that in this tissue in 
absence of sugar the ammonia formation is well-marked and may indicate a 
fairly extensive change of metabolism by the embryo to a protein oxidation, 
which is checked by addition of either glucose or fructose, both in phosphate 
and bicarbonate media. It thus appears that the embryo has at this age a 
considerable ability to turn to protein as a foodstuff, but only in the absence of 
oxidisable carbohydrates. It should be mentioned, however, that Needham 
[1932] considers that about 20 % of the respiration of the chick embryo in 
glucose is due to protein oxidation. The decreased ammonia production in the 
presence of fructose indicates that this sugar can diffuse into the embryo, and 
that its failure to cause lactic acid production in the embryo [Dickens and 
Greville, 1932] is not due to impermeability. Urea formation by the chick 

















F. DICKENS AND G. D. GREVILLE 


embryo of 4-5 days’ incubation is negligible under our conditions (Table IIT). The 
rat embryo of 13-14 days’ gestation shows, like the chick embryo, a large ammonia 
production in absence of sugar, reduced by the addition of glucose or fructose. 

The tumour tissue examined—Jensen rat sarcoma—presents several points 
of similarity to the embryonic tissues. Table IV shows that the ammonia forma- 
tion in absence of substrate is large, both in phosphate and bicarbonate media. 
Since the aerobic ammonia production is much greater than the anaerobic, is 
practically abolished in glucose and is greatly reduced in fructose, we believe 
that the evidence is in favour of an oxidation of protein which may constitute 
up to 50 % of the total respiration in absence of sugar, whilst in the presence 
of sugar the protein oxidation falls to a low level. In all probability both glucose 
and fructose are oxidised by this tumour; but from the low value of the R.Q., 
and the fact that the R.Q. and the respiration are hardly affected by withdrawal 
of sugar, we infer that complete oxidation of carbohydrate accounts for only 
part of the respiration of the tumour cell. Under our experimental conditions, 
the urea formation by Jensen rat sarcoma was insignificant and quite unable to 
account for the characteristically low value of the R.q. 

Oxidative deamination of nitrogen compounds in the tissue can strictly be 
assumed only when the aerobic ammonia production far exceeds the anaerobic. 
This qualification has been kept in mind throughout, but it may be unduly 
strict. For the deamination observed by us with certain tissues, particularly 
spleen, under anaerobic conditions may possibly also be oxidative, at least in 
part, owing to the presence of hydrogen acceptors in the tissue; so that the 
existence of a large anaerobic deamination does not necessarily mean that the 
aerobic ammonia formation is not indicative of the oxidation of nitrogenous bodies. 

Oxidative ammonia production may be due to the oxidation of nitrogenous 
bodies other than protein. Even if it is due to protein oxidation, this may not 
be complete. In either case, some of our conclusions are quantitatively altered. 
But the answer to the point which we set out to test is independent of these 
considerations: in a glucose medium the oxidation of nitrogenous bodies by all 
the tissues examined, except kidney, is so small as to have no material influence 
on the respiratory quotient. This is true in so far as can be judged from ammonia 
and urea formation. The possibility of protein oxidation under these conditions 
leading to the production of uric acid or other nitrogenous bodies has yet to 
be tested. 


SUMMARY. 


1. In the presence of glucose or fructose, and also in absence of added 
substrate, the ammonia formation by various washed animal tissues has been 
compared with the respiration and respiratory quotient, observations of all 
three quantities being simultaneously made on the same slice of tissue. 

2. Little ammonia or urea was formed under our conditions by rat liver or 
yolk-sac either in presence or absence of sugar. Since the respiration and R.Q. 
of these tissues are not greatly altered by the presence of added sugar, it seems 
possible that their metabolism may be adequately supported by their foodstuff 
reserves, which in the yolk-sac are of unknown nature. 

3. With kidney, spleen, Jensen rat sarcoma and embryo (chick, rat) the 
aerobic ammonia formation was large in absence of sugar, but was arrested by 
glucose, except with kidney, where it persisted at a reduced but still large value. 

4. In all cases where glucose reduced the ammonia production, fructose 
had a similar effect. In kidney, fructose is more readily oxidised than glucose, 
and correspondingly it reduces the ammonia production to a greater extent. 
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5. In brain, retina and testis the amount of ammonia produced was small 
but in absence of glucose or fructose became large relative to the respiration, 
because of the large fall in the latter. 

6. The “protein-sparing” action of glucose and fructose has thus been 
demonstrated for a variety of animal tissues, but with brain and retina it may 
be largely illusory. 

7. Anaerobic ammonia elimination under the same conditions as in the 
aerobic experiments may be large, as in spleen and testis, but most often it is 
very much less than the aerobic production. 

8. Urea formation by 5-day chick embryo and by Jensen rat sarcoma is so 
small that its effect on R.Q. measurements under our conditions can be neglected. 

9. In general, in so far as can be judged from ammonia and urea formation, 
the assumption made in Part IT of this series, that in a glucose medium the 
protein oxidation is so small as to have no material influence on the R.Q., has 
received experimental justification. It is probable that, of the tissues studied, 
only in kidney does the oxidation of nitrogenous bodies cover any large part 
of the total oxidations under the conditions of these experiments. The relatively 
high value of R.Q. shown by kidney may be due in part to the oxidation of 
protein by this tissue. 


We express our thanks to Prof. E. C. Dodds for the interest he has taken 
in these experiments. 
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Tue anaerobic glycolysis of surviving tissue is not only decreased by general 
enzymic poisons (e.g. heavy metals, fluoride) and by more specific inhibitors 
(e.g. halogen-acetic acids, nitric oxide), but it is also affected by certain substances 
which are possible intermediates in carbohydrate metabolism. Thus glyceralde- 
hyde inhibits the glucolysis of tumours [Mendel, 1929], pyruvic acid accelerates 
the glucolysis! of certain normal tissues [Mendel, Bauch and Strelitz, 1931], 
and lactate itself has been shown to reduce the anaerobic glycolysis of brain 
[Meyerhof and Lohmann, 1926, 1, 2]. The alteration of the rate of metabolism 
without the introduction of substances foreign to the animal body is an experi- 
mental method of considerable interest, and in the present paper we describe 
our experiences with its use. 


Effect of lactate on the anaerobic glucolysis. 


Meyerhof and Lohmann found that the anaerobic glucolysis of brain was 
reduced to about one-half by the addition of both dl- and /-lactates. As 
l-lactate had as great an effect as the natural d-lactate, these authors concluded 
that “bei dieser Beeinflussung der Glykolyse handelt es sich offenbar nicht um 
einen Prozess, der mit der physiologischen Rolle der Milchsiure zusammen- 
hingt.’’ It was felt that the matter merited further investigation, both because 
of the remarkable effect of the unnatural optical enantiomorph, and also because 
the suppression of the glycolytic process by lactate is of interest in the study 
of tissue respiration in lactate-containing media. 

Experimental. The effect of added lactate on the anaerobic glucolysis of testis 
and of thin slices of rat brain and Jensen sarcoma has been measured (Table I). 
Zinc d- and l-lactates? were prepared by resolution through the zinc ammonium 
salts [Purdie and Walker, 1895], seeding with crystals of d- and /-salts prepared 
from meat extract and by resolution with morphine [Irvine, 1906] respectively. 
The purity of the preparations was checked by determinations of rotation and 
of water of crystallisation. The sodium salts were prepared by treatment of 
the zine salts with sodium carbonate [see Meyerhof and Lohmann, 1926, 2]. 
The glucolysis was measured for periods up to 3 hours; in the first experiment 
the lactates were present from the start, but in the other experiments the 

1 For definition of terms glycolysis, glucolysis etc. see Dickens and Greville [1932, 1]. 
2 In this paper the naturally occurring (sarcolactic) acid is referred to as d-lactic acid, and 
its salts as d-lactates. 
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Table I. Effect of lactate on anaerobic glycolysis of rat tissues. 


1. Jensen sarcoma. 


Added lactate 0 0-019 Md 0-02 M dl 
cist hour 27-4 26-6 27-0 

Q*? < 2nd hour 21-6 22-1 22-0 
_3rd hour 22-0 18-3 21-5 


2. Jensen sarcoma (Fig. 1). Lactate added 20 mins. after first reading. 


Added lactate 0 0:02 Md 0-02 M1 
(1st period (20 mins.) 46-5 49-5 44-7 
Q\? < 2nd period (40 mins.) 43-5 26-3 34-5 
3rd period (40 mins.) 36-8 23-3 31-5 
% decrease 2nd period 6-5 47 23 
3rd_ period 26 53 29-5 


3. Testis. Lactate added 20 mins. after first reading. 


Added lactate 0 0 0:02 Md 002Ml1 0-02 Mdl 
“Ist period (20 mins.) 8-4 10-5 9-5 10-8 8-7 
Qs? < 2nd period (40 mins.) 8-1 10-5 8-3 10-3 7-7 
_3rd_ period (60 mins.) 7-8 9-7 6-4 9-1 6-2 
% decrease 2nd period 3-5 0 12-5 4-5 11-5 
3rd period 7 7-5 33 16 29 


4. Brain cortex. Lactate added 15 mins. after first reading. 


Added lactate 0 0 0:02 Md 0-02 M1 0-02 Mdl 
Ist period (15 mins.) 21-2 24-4 20-0 25-2 15-6 
Qs < 2nd period (60 mins.) 14-9 19-2 13-3 19-3 11-3 
3rd period (60 mins.) 13-1 17-2 10-7 17-4 9-2 
% decrease 2nd period 30 21 33 23 28 
3rd period 38 30 47 31 41 
5. Brain cortex. dl-Lactate added 20 mins. after first reading. 
Added lactate 0 0 002M 002M 005M 010M 
-Ist period (20 mins.) 12-2 12-9 10-8 14-4 12-3 9-0 
On: < 2nd period (60 mins.) 6-2 7-3 5-2 6-4 4-3 2-8 
3rd_ period (60 mins.) 4-7 5:2 3-2 4-4 2-0 0-8 
% decrease 2nd period 49 43 52 56 65 69 
3rd_ period 61 60 70 69 84 91 


lactates were added at the stated time from a side-bulb. In order to eliminate 
the effect of glycolytic inequalities between different slices of the same tissue, 
we give for each vessel for various periods after the lactate addition the per- 
centage decrease in glucolysis from the value in the period before the lactate 
addition. By comparison with the corresponding falling off in the control vessel 
to which no lactate was added the effect of the lactate may be assessed. 

From the results in Table I we conclude that 0-02 M d-lactate may 
sometimes cause a decrease of about one-half in the glucolysis (Exp. 2) as in 
the experiments of Meyerhof and Lohmann; on the other hand, the effect of 
the added d-lactate may be small, as in Exps. 1 and 4. Inhibition occurs with 
all three tissues. Our experiments, in contrast to those of Meyerhof and 
Lohmann, do not show that /-lactate causes as great an inhibition as does 
d-lactate: in Exps. 2 and 3 the natural salt has about twice the effect of its 
optical enantiomorph. Exp. 5 shows how the inhibition of brain glucolysis 
increases with increasing concentration of added lactate. This experiment is 
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represented in Fig. 2, where corrected values of Q}? are shown, equal for each 
vessel to the observed Q}; divided by the ratio of the glucolysis in that vessel 
before lactate addition to the average glucolysis before lactate addition. 


dry tissue 


per mg. 


mm," 





0 0-05 0-10 
Minutes Concentration of added lactate 
Fig. 1. Fig. 2. 


g. 1. Anaerobic glucolysis of Jensen rat sarcoma. A, control; B, 0-02 WM sodium I-lactate 
added after 20 mins.; C, 0-02 WM sodium d-lactate added after 20 mins. 


Fig. 2. Rat brain cortex in glucose. A, second period; B, third period. 


The inhibition of an enzyme reaction produced by addition of an end- 
product may be due to acceleration of the reverse reaction or to combination 
of the added substance with the enzyme system. The former may be excluded 
with glycolysis, for Lipmann [1927] found no anaerobic disappearance of lactic 
acid from minced muscle, and Burk [1932] has shown that when the free energy 
of neutralisation of lactic acid is negligible, the concentration of lactic acid 
would have to be 107° MW if an equilibrium with glycogen is to be attained. 
It thus seems probable that the lactate combines with the enzyme system. 


Effect of substrate-deprivation. 


Rosenthal [1930] showed that a spontaneous increase in the anaerobic fructo- 
lysis of Jensen rat sarcoma occurs about 40 minutes after the manometric vessels 
are put into the thermostat at 38° (Fig. 9). When glucose is substrate a spon- 
taneous increase in Q}? is not ordinarily observed, but we were able [Dickens 
and Greville, 1932, 2] to demonstrate its occurrence by introducing a preliminary 
peiod of anaerobiosis in absence of added glucose. Spontaneous anaerobic acti- 
vation of glycolysis has so far been reported only in the Jensen sarcoma. In 
the experiments described in the present paper we applied to other tissues the 
technique of preliminary anaerobic substrate-deprivation which brought to light 
activation of glucolysis in the tumour tissue. Adding glucose to give a concen- 
tration of 0-2 °%, we have tested normal tissues (rat brain, spleen, testis), 
another tumour tissue (Mill Hill fowl fibro-sarcoma), and an embryonic tissue 
(rat yolk-sac). With testis a slight spontaneous activation was detected. In the 
experiment represented in Fig. 6, Q\? before glucose addition was 4-8: for 
15 minutes after glucose addition it was 7-6, and then it rose abruptly to 9-8, 
which was maintained until the end of the experiment, 55 minutes later. No 
evidence of the occurrence of spontaneous activation in the other tissues was 
obtained (Figs. 4, 5, 7, 8). The spontaneous increase in fructolysis shown by the 
Jensen rat sarcoma occurs only within a certain range of fructose concentration 
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Fig. 3. Jensen rat sarcoma. 
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Fig. 7. Rat spleen. Fig. 8. Rat yolk-sac. 
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Figs. 3-8. Anaerobic glycolysis. Ordinates, mm.? CO, per mg. dry tissue; Abscissae, time 
in minutes. 


C=control (glucose present from beginning of experiment). 
G=glucose added at time indicated by arrow. 
GP =glucose + pyruvate added at time indicated by arrow. 
CP =pyruvate added at time indicated by arrow to control (glucose present from beginning 
of experiment). 
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[Dickens and Greville, 1932, 3], and it was not observed at 28°, so that it is 
possible that the necessary conditions for the other tissues were not realised 
in these experiments. We therefore do not consider that spontaneous activation 
is a unique property of the Jensen sarcoma. The two processes which allow the 
observation of spontaneous activation, initial depletion of “activating” sub- 
stance in the tissue and slow re-establishment of its optimum concentration, 
occur under the usual experimental conditions most readily with the Jensen 
sarcoma in fructose and to a lesser extent with the same tumour and with rat 
testis in glucose. That they occur in other tissues, that the glycolysis of these 
tissues also is regulated by an “activating” substance, is a possibility that still 
remains. 

If for each tissue the glucolysis attained after a preliminary period of 
anaerobiosis in absence of added substrate is expressed as a percentage of the 
glucolysis of that tissue when glucose is present from the beginning of the 
experiment, the following values are obtained: 

Preliminary period 
in absence of 


substrate % recovery after 
Tissue (mins.) glucose addition 
Jensen rat sarcoma 20 92 
Mill Hill fibro-sarcoma 20 106 
Mill Hill fibro-sarcoma 60 112 
Rat yolk-sac 30 110 
Rat spleen 50 70 
Rat testis 20 101 
Rat brain cortex 20 12, 12; 11* 


* Three different brains. 


Very remarkable is the feeble recovery shown by brain cortex. We have 
indeed found that a very short anaerobic period in the absence of glucose will 
reduce the subsequent glucolysis of this tissue to one-third of the control value, 
as shown by the following experiment: brain slices were shaken in the bath for 
25 minutes in glucose-free Ringer solution with oxygen and CO, in the gas 
space. Then nitrogen-CO, mixture was passed through the vessel for 3 minutes, 
after which glucose was immediately added from a side-bulb. Q¥? in the subse- 
quent 30 minutes was 6-2. In a control experiment with glucose under anaerobic 
conditions from the start, Q}? was 16-6. The 3-minute anaerobic substrate- 
deprivation thus caused a reduction of the subsequent glucolysis to 37 %. With 
the same brain a 25-minute preliminary period caused a reduction to 13 %. 
The preliminary aerobiosis involved in this experiment caused no reduction of 
the glucolysis; for when glucose was added immediately before nitrogen was 
passed, Q}? was subsequently actually higher than in the control. 

With brain, a preliminary period in absence of glucose has less effect on 
subsequent respiration in glucose than on subsequent anaerobic glucolysis. Thus 
a 40-minute preliminary aerobiosis followed by addition of glucose reduced the 
respiration in phosphate-Ringer solution to 50% of the value in a control 
experiment in which glucose was present throughout. A 25-minute preliminary 
anaerobiosis in absence of sugar also reduced the respiration after glucose 
addition to about 50 % of the control value. It is remarkable that a preliminary 
anaerobic substrate-deprivation should affect subsequent respiration in glucose 
far less than subsequent anaerobic glucolysis. 

The presence of 10-* MW sodium pyruvate (see below) does not cause brain 
glucolysis to recover any better from preliminary anaerobic substrate-depri- 
vation. 
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Effect of pyruvate. 


That sodium pyruvate in small concentrations causes an acceleration of the 
anaerobic glycolysis of brain, intestinal mucous membrane and liver was shown 
by Mendel, Bauch and Strelitz [1931]. Rosenthal [1932, 1] compared the acti- 
vation of the anaerobic glycolysis of liver by pyru- 
vate with the activation produced by preliminary 
aerobiosis, concluding that the two activation pro- 
cesses depend on the presence of the same factor in 
the liver, but that the “activator” produced by 
aerobiosis is not identical with pyruvic acid. Pyru- 
vate also produces an activation with Jensen sarcoma. 
It was found [Dickens and Greville, 1932, 2] that its 
addition in 10-* M concentration to this tissue before 
the spontaneous increase of anaerobic fructolysis had 
0 30.60 90 120 Occurred caused an immediate increase in fructolysis, 

Minutes )\? thereafter remaining constant at about the value 

6 Deitel = would have reached by spontaneous activation, 

~ Jensen rat sarcoma. A, py- Whilst addition of pyruvate after the spontaneous 

ruvate added at 10 mins. increase had no effect at all (Fig. 9). Also, after pre- 

= Say added at liminary substrate-deprivation, an immediate rise of 

i; to the final value occurs on adding glucose in the 

presence of pyruvate, the intermediate period being abolished (Fig. 3). It is 

seen from Fig. 6 that the same occurs with the spontaneous activation of testis 

glucolysis, the intermediate period being abolished in the presence of pyruvate. 

Thus under those conditions which allow the spontaneous activation to be 

observed, an identical activation can be caused prematurely on addition of 
pyruvate. 

Rosenthal [1932, 2] also found an activation of tumour fructolysis by pyru- 
vate and by certain substances which are reduced by tissues (methylene blue, 
Lauth’s violet, Capri bluc and potassium ferricyanide). Rosenthal’s results differ 
from ours in that a greater percentage activation was caused by pyruvate than 
occurred spontaneously. We, on the other hand, invariably find that pyruvate 
raises Q}7 to practically the same value as is reached by the spontaneous increase, 
and that pyruvate addition after the occurrence of that increase has no effect. 
Further, pyruvate addition has no effect on the fructolysis or glucolysis of the 
Mill Hill tumour, which fails to show spontaneous activation. Nevertheless 
pyruvate definitely has an effect on other tissues in which spontaneous activa- 
tion has not been observed. Thus with pyruvate present from the start Mendel, 
Bauch and Strelitz [1931] observed with brain increases of Q}; up to three times 
the control values. We have, however, found that addition of 10-3 MW pyruvate 
to brain after it has been producing lactic acid for some time in the thermostat 
may merely prevent the glucolysis from falling. Again, with testis (Fig. 6) 
pyruvate merely prevented Q}? from falling from its initial value, and the 
addition of pyruvate simultaneously with the glucose after preliminary substrate- 
deprivation brought Q}? to the same value. With spleen, addition of 10-* MV 
pyruvate did not increase the glucolysis (see also Fig. 7). Thus in our experience 
the effect of pyruvate addition is most often to keep the tissue at its maximum 
glycolysis. Liver must be regarded as an exception to this: in this tissue 
pyruvate, aldehyde or a suitable oxidising agent must be present in order that 
a glycolysis of any considerable magnitude may be attained [Rosenthal, 1932, 1). 
One of the factors necessary for the attainment of the maximum glycolysis 
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seems to be the establishment of a suitable reducible system and possibly of a 
redox potential in the right range. Most tissues seem to be capable of creating 
these optimum conditions themselves, but with surviving liver some external 
agency is necessary. 

SUMMARY. 


1. The alteration of the glycolysis of tissues by methods not involving the 
addition of substances foreign to the animal body has been studied. 

2. The inhibitory effect of lactates on the anaerobic glucolysis of brain, 
testis and tumour is very variable. /-Lactate has about half the effect of the 
natural d-lactate. 

3. After 20 minutes’ preliminary anaerobic substrate-deprivation the gluco- 
lysis of brain recovers only to about 12 % of the normal value, whilst with the 
other tissues tested (testis, spleen, rat yolk-sac, tumours) the recovery is almost 
always complete. With brain, preliminary anaerobic substrate-deprivation affects 
the glucolysis far more than the respiration. 

4. The method of preliminary anaerobiosis in absence of added substrate 
has been applied to the detection of spontaneous activation of anaerobic glyco- 
lysis in various tissues. This has been observed only in the glucolysis and fructo- 
lysis of the Jensen rat sarcoma and in the glucolysis of rat testis. It is not 
supposed however that the potentiality for spontaneous activation exists only 
in these tissues. 

5. The effect of small quantities of pyruvate on the glycolysis of tissues is 
discussed. In tissues and under conditions in which spontaneous activation is 
observed, an equal activation is achieved on addition of pyruvate. The view is 
expressed that the presence of pyruvate tends to keep the glycolysis of tissues 
at its maximum value. 


It is a pleasure to acknowledge the interest taken by Prof. E. C. Dodds in 
these experiments. 
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Council: the other (G. D. G.) is the holder of a Halley-Stewart Research Scholar- 
ship, for which he wishes to make acknowledgments here. 
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SrxceE Lundsgaard [1930] drew attention to the remarkably toxic nature of 
certain of the halogenacetic acids and their réle as powerful and selective 
inhibitors of lactic acid formation and of alcoholic fermentation, these 
compounds have assumed great importance in physiology, and the numerous 
investigations of fundamental yalue to the theories of muscular contraction, 
tissue glycolysis and fermentation which have resulted show the usefulness of 
these labile halogen compounds as reagents in the study of intermediary tissue 
metabolism. But in spite of the many investigations, in no one case has the 
mechanism of their action been explicable in any clearly defined way, though 
various suggestions, such as those of Waldschmidt-Leitz and Schaffner [1932] 
and of Bersin [1932], have been advanced from time to time. 

In view of the importance of the iodoacetate reaction, it was decided to 
investigate what appeared to be one of the simplest physiological transformations 
known at the time to be inhibited by iodoacetic acid, namely the conversion of 
methylglyoxal into lactic acid: a type of oxido-reduction of great interest and 
perhaps one directly concerned in glycolysis. Indeed Dudley [1931], who dis- 
covered the inhibitory action of iodoacetic acid on this keto-aldehyde mutase 
system, considered that this might well be the mode of action of the halogen- 
acetic acids on the glycolytic process. It is true that Lohmann [1931], shortly 
after, found that in his glyoxalase preparations a much higher concentration 
of iodoacetate was needed to stop glyoxalase action than was required to check 
the formation of lactic acid by the Meyerhof muscle extract; he therefore con- 
sidered that. it was unlikely that the inhibition of muscle glycolysis could be 
due to poisoning of the glyoxalase system. 

Nevertheless this point could not be said to be definitely cleared up, and 
during an attempt to investigate it further the work to be described in the 
present paper, which sheds some light on the mechanism of iodoacetate poisoning 
of glyoxalase, arose. 

In view of the possibility that the method of preparation of the extracts 
might affect the concentration of iodoacetate necessary, the behaviour of 

1 A preliminary account of part of the work presented here appeared in a letter to Nature 
in January last [Dickens, 1933]. Owing to the author’s change of laboratory, the completion 
of this work and its publication have been somewhat delayed. 


Biochem. 1933 xxvu 











1142 F. DICKENS 


dialysed and undialysed extracts was being investigated when a further publica- 
tion from Lohmann appeared, containing the important discovery that reduced 
glutathione could act as co-enzyme to glyoxalase in converting synthetic methyl- 
glyoxal into lactic acid. Liver extract, from which the bulk of the proteins had 
been precipitated by an acetate buffer, lost nearly all its glyoxalase activity on 
dialysis, and this was found to be completely restored by addition of minimum 
quantities of reduced glutathione to the dialysed extract [Lohmann, 1932]. This 
discovery of Lohmann suggested as an obvious possibility that the action of 
iodoacetate might be upon the sulphydryl compounds in the extract, leading to 
destruction of glyoxalase activity by destruction of the essential co-enzyme. 
From his earlier paper it is evident that Lohmann [1931] did not favour the 
view that iodoacetate acts upon the co-enzyme systems, a suggestion put for- 
ward, certainly with little direct evidence, by Barrenscheen and Braun [1931]: 
on the contrary Lohmann believed that the action of iodoacetic acid was to 
destroy the enzyme itself. 

In the present paper it is shown that (I) under physiological conditions of 
Py and temperature, the halogenacetic acids readily react with sulphydryl 
compounds, in particular with glutathione and cysteine, forming the corre- 
sponding thio-ethers and hydrogen halide, and (II) that this action provides 
an adequate explanation for the destruction of glyoxalase activity by halogen- 


acetic acids. 


I. The interaction of glutathione and cysteine with halogenacetic acids. 
Evidence of the reaction between iodoacetic acid and glutathione was first 
obtained manometrically. Glutathione, prepared by Pirie’s [1930] method and 
purified through the cadmium salt [Voegtlin, Johnson and Rosenthal, 1931] 
was dissolved in glass-distilled water containing 0-031 .M NaHCO,, the solutions 
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Fig. 1. React of iodoacetate with glutathione. The oxygen uptake after 140 mins. (vessels filled 
th O,+5 % CO, and trace CuSO, added) is shown by the heavy lines on the right: the 
units are the same as for the CO,-liberation, and the sum of the latter with the O,-uptake 
f the unchanged GSH is near the theoretical for 2 equivalents GSH. 
Fig. 2. Reaction of bromoacetate and chloroacetate with alutathion« 


having been previously saturated with a gas mixture of nitrogen with 5 % CQ. 
Suitable quantities (3 cc.) of the approximately 7/300 solution of glutathione 
were measured into the Warburg manometer vessels, which were provided with 
side-bulbs containing the V/20 solution of the sodium salts of the halogenacetic 
acids (0-1 or 0-2 cc.): the latter solutions also contained a similar excess of 
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NaHCO, to that present in the glutathione solution in the main part of the 
vessel. After filling with nitrogen containing 5 % CO,, the vessels, attached to 
their manometers, were put into the thermostat at 37-5° and shaking was begun. 
When temperature equilibrium was attained the contents were mixed by tipping 
the vessel and then replacing in the thermostat. CO, evolution immediately 
began and its course was followed by the pressure readings (Figs. 1 and 2). 


Table I. 
37:5°; [Na*]=0-032; N,+5 % CO.; py approx. 7-4. 


Todoacetate and glutathione: 


a=3-15 x 10-3, b=1-61 x 10-3, vol. =3-1 cc. 





t x z 
mins. (mm.* CO,) M x10-% k 
10 38-5 0-55 14-5 
20 61 0-88 15-1 
30 72-5 1-05 14-1 
40 81 1-17 13-6 
Mean 14:3 


a=3-05 x 10-3, b=3-12 x 10-3, vol. =3-2 ce. 


10 69-5 0-97 14-5 
20 108 1-50 17-5 
30 126 1-76 15-5 
40 140 1-95 14-6 

Mean 15-5 

Bromoacetate and glutathione: 
a=b=3-13 x 10-3, vol. =3-2 ce. 

10 48-5 0-67 8-7 
20 75°5 1-05 8-1 
30 95 1-32 7:8 
40 107 1-49 7:3 

Mean 8-0 

a=3-24 x 10-3, b=1-61 x 10-3, vol. =3-1 ce. 

30 58-5 0-84 8-9 
40 70-5 1-02 9-5 
50 76 1-10 9-0 
60 81 1-17 8-7 


Mean 9-0 
Chloroacetate and glutathione: 
a=b=3-13 x 10, vol. =3-2 ce. 


120 12-5 0-175 0-16 
180 17-5 0-244 0-15 
240 21-5 0-300 0-14 
270 23 0-320 0-14 





Mean 0:15 


Table I shows that the reaction follows the bimolecular law and may be 
represented as follows: 

G.S’ +ICH,COO’=G.S.CH,COO’ +I’ 

C x , 


a-x b-2 a 


or similarly for the other monohalogenacetic acids. Similar reactions, e.g. of thiol- 
acetic acid and halogenacetic acids, are well known [Klason, 1877; Klason and 
Carlson, 1906], but they have been surprisingly little studied by physical chemists. 
Quite recently, however, Hellstrém [1931] has studied the example (thiolacetic 
acid) mentioned from the point of view of Brénsted’s theory and finds that the 
reaction follows the bimolecular law, though the velocity constant depends on the 
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nature and concentration of the cations present, being, when [Na+] = 0-0375 and 
at 25°, of the order: 150, 70, 0°70 (uncorr.) for iodo-, bromo-, chloro-acetic acids 
respectively. This order is very similar to that shown in the present experi- 
ments, the constants with thiolacetic acid being however about 10 times as 
large, despite the lower temperature used by Hellstrém. This series is also in 
agreement with the physiological action, that is it corresponds with the order 
of activity of the three halogen-acids in checking glycolysis or fermentation 
[Lundsgaard, 1930; Lohmann, 1931; Cayrol, 1931}. 

Whilst the above course follows the bimolecular type sufficiently accurately, 
it was thought necessary to isolate the products of the reaction. With glutathione 
the purification of the condensation compound presented difficulties, and the 
reaction was worked out with cysteine, where the greater stability makes the 
separation easier. 

For this purpose cysteine hydrochloride (0-16 g. = 1 milli-equiv.) was neutral- 
ised with N/5 Ba(OH), (5-5 cc.) and a neutral solution of iodoacetic acid 
(0-19 g. = 1 milli-equiv., dissolved in 5-3 cc. N/5 Ba(OH),) was added while N, 
was passed through the solutions. The reaction mixture at once became acid, 
and N/5 Ba(OH),, in all a further 5-0 ce. (1 milli-equiv.), was added to keep 
the reaction mixture neutral; after addition of alcohol (15 cc.) the mixture was 
allowed to stand overnight. In the morning a further 30 cc. absolute alcohol 
was added and the white precipitate of Ba salts, including some BaCl,, was 
collected, after half an hour, in the centrifuge: the alcoholic supernatant liquid 
contained barium iodide. The precipitate of Ba salts was dissolved in water (3 cc.), 
and H,SO, (ca. 10 cc. NV/10) was cautiously added to give complete precipitation 
of the Ba as BaSQ,; the latter was removed and the clear colourless solution 
evaporated in vacuo over P,O;. A white crystalline residue began to separate 
when the volume was reduced to a few cc., and the whole contents of the dish 
crystallised overnight: traces of a yellow impurity and of HCl were removed by 
washing with a little ice-cold alcohol. Yield 0-15 g. = 85% of the theoretical; 
colourless clusters of fine needles, M.p.184° decomp. (uncorr.). For micro-analysis 
(Schoeller) the crystals were dried in the air without further purification. 
Found: C, 33-14; H, 5-16; N, 7-10; 8, 17-69 %. C;H,O,NS requires: C, 33-51; 
H, 5-06; N, 7-81; 8, 17-69 %. The course of the reaction is therefore as follows: 


HOOC.CH(NH,).CH,.SH +1.CH.COOH = HOOC.CH(NH,).CH,.S.CH,.COOH + HI. 


The thio-ether is only slightly soluble in cold water or alcohol, more soluble in 
hot water and freely soluble in dilute aqueous ammonia. The aqueous solution 
is acid in reaction. 

When the same method of isolation was tried with glutathione the recovery 
and purity of the product were not so satisfactory. Neutral solutions (4 milli- 
equiv.) of Ba salts of glutathione and iodoacetic acid were mixed, and in all 1-55 ce. 
N/5 Ba(OH), (calc. 1-66 ec.) were required to keep the mixture neutral. The 
alcoholic precipitate of Ba salts was freed from Ba by H,SO, (6 cc. N/10). 
Evaporation of the filtrate in vacuo over P,O; gave a clear sticky residue which 
changed to a feathery precipitate when rubbed with alcohol. The precipitate 
was collected and dried in a vacuum desiccator overnight. Micro-analysis 
(Schoeller) showed that the substance is probably the not quite pure thio- 
ether containing 1 mol. H,O. (Found: C, 38-4; H, 6-0; N, 9-4; 8, 7-9 %. 
C,.H,,O,N,8, H,O requires: C, 37-6; H, 5-5; N, 10-9; 8, 8-3 %.) Further purifi- 
cation of the thio-ether was not carried out: it was freely soluble in cold water, 
giving a solution with an acid reaction from which the substance was re- 
precipitated by addition of cold alcohol: the nitroprusside reaction was negative. 


Vol. XXVII, page 1144, line 22 from bottom 


for M.P. 84° read M.P. 184°. 
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These experiments leave little doubt that the reaction is perfectly analogous 
to that with cysteine, where the condensation product is more readily isolated 
in the pure state. 

Immediately following the publication of the preliminary report of these 
experiments [Dickens, 1933] the author learned in a personal communication 
from Dr Rapkine that he had, quite independently, studied the reaction of 
cysteine and iodoacetic acid: these results have now been published [Rapkine, 
1933] and agree in all respects with those set out in the author’s preliminary 
account. In addition the rate of reaction was shown by Rapkine to increase 
with increasing temperature and alkalinity. The reaction products (thio-ethers) 
were not isolated in Rapkine’s experiments. Quastel [1933] has also produced 
interesting evidence of physiological interaction of sulphydryl compounds and 
iodoacetate, and in fact the paper by Quastel and Wheatley [1932] was, unknown 
to the author, submitted for publication before the appearance of his pre- 
liminary account. It may be mentioned here that one of the earliest recorded 
examples of the biological action of halogen compounds on thiol compounds 
appears to be that of Thunberg [1911]. 


II. The inhibition of glyoxalase by iodoacetate. 

The source of glyoxalase in all experiments was rat-liver. For the prepara- 
tion of the extracts the freshly removed liver was minced in a micro-mincer, 
ground with sand and extracted twice by thoroughly grinding with its own 
weight of water and centrifuging: the two extracts were then combined. For 
removal of protein, acetate buffer (5 vol. W/3, py 4) was used as in Lohmann’s 
[1932] extracts, followed by centrifuging. NaHCO, eto J, vol. 1-3 %) was 
added and the solution was dialysed in collodion sacs against distilled water. 
The water in the Ist and 2nd dialysates invariably showed a positive nitro- 
prusside reaction: sometimes on dialysis a further slight precipitate formed, 
and was removed by centrifuging. In some extracts KCl (0-9 %) was used 
instead of water for the preliminary extraction, without any noticeable difference 
in the extract. 

For the estimation of glyoxalase activity, chemically controlled manometric 
experiments were used, in which 1-2 cc. liver extract, usually diluted with an 
equal volume of water, were measured into the Warburg manometer vessels 
together with a volume of 1-3 % NaHCO, usually 4 to } the niga of the 
original extract, and the vessel was then filled with a gas mixture of 5 % CO, 
in N,. The temperature for the measurements with extracts was ji 30°. 
The py was controlled by bicarbonate estimations, and the CO,-retention by 
acidification: with crude extracts the latter was about 20%, ‘but with de- 
proteinised and dialysed extracts on the other hand the retention correction 
was small:(about 1-5 %%). Lohmann has shown that the evolution of CO, is an 
accurate measure of the lactic acid formed when suitable conditions are ob- 
served. In view of the possibility that this equivalence might be upset by the 
presence of iodoacetic acid, this point was controlled in selected experiments 
by determination of the lactic acid formed, by precipitation of proteins with the 
Schenk reagent and analysis of the filtrate, freed from mercury by H,S, by 
Clausen’s method, using Friedemann and Kendall’s [1929] modification. Blanks 
on the extracts and methylglyoxal solutions used were invariably made, and 
the amounts of lactic acid found were corrected for these blank values. On the 
whole the agreement of manometric and chemical estimations was satisfactory, 
and usually 90-98 % of the manometric readings were given by the Clausen 
analysis. Only when very high concentrations (1//100) of iodoacetate were 
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used did there appear to be some tendency for the chemical values to be lower 
compared with the manometric ones, but these experiments were not important 
for the present purpose, as such high concentrations of iodoacetate were seldom 
used. 

The methylglyoxal solutions used were obtained by the method of Neuberg et 
al.[1917] from the distillation of dihydroxyacetone with dilute sulphuric acid. The 
distillate (50 cc. from 1 g. dihydroxyacetone) was neutralised to phenolphthalein 
with V/10 NaOH before use and NaHCO, (1-3 °%) to give a similar concen- 
tration to that in the extract was then added: 0-1 to 0-3 ec. of the distillate so 
treated was used for each experiment, being usually measured into the side 
bulb of the manometer vessels. 

Glutathione was made by Pirie’s [1930] method from yeast, was crystallised 
from water and then purified through the cadmium salt [Voegtlin, Johnson and 
Rosenthal, 1931], afterwards being again crystallised from water by evaporation 
over H,SO, at room temperature. Dissolved in glass-distilled water it was 
sufficiently stable (5-0 mg. in 3 cc. 1/75 phosphate or in bicarbonate buffer 
at p,, 7-4 took up about 4 mm.* O, at 38° in 60 mins.), but on the addition of 
CuSO, (5 x 10-5 1) the oxygen uptake was 98-5 °% of the theoretical and was 
complete in 60 minutes. (In confirmation of Voegtlin, Johnson and Rosenthal’s 
finding it may be mentioned that 6 times this amount of Fe, in the form of thrice 
recrystallised ferric ammonium sulphate, was almost without effect on the O, up- 
take in phosphate buffer.) 


> CO, 


mm, 











Time (mins.) 


Fig. 3. Action of iodoacetate on undialysed liver extract. 
A. Control, m« thy lglyoxal added at 0 mins. 
L. Control, methylglyoxal added at 35 mins. 
_C, Dand E; Iodoacetate added at 0 mins. and methylglyoxal at 35 mins. Concentration 
of ICH.COOH: C, 5x 10-4 M; D, 2-4 10-* M; E, 110-2? M. Chemical estimation of 


lactic a id formed: A, 1-72; D, 1-53; EF, 0-70 mg. (96, 90 and 80 % respectively of that calcu- 
lated from pressure changes). 


The iodoacetic acid was a pure specimen kindly given me by Dr Lundsgaard. 
Bromoacetic acid was purified by recrystallising from ligroin, and chloroacetic 
acid by redistillation in vacuo. These acids were dissolved in glass-distilled water 
and neutralised with NaHCO,. All glass-ware was cleaned with chromic acid 
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and well rinsed with glass-distilled water before drying. Naturally, the liver 
extracts were not metal-free, but the use of these precautions prevented loss 
of part of the glutathione by oxidation before the experiment was begun. 

Crudeliver extract. A portion of the acetate-precipitated liver extract was taken 
before dialysis, or in another experiment after only half an hour’s dialysis to re- 
move the greater part of the acetate. The CO,-retention correction of the former 
was 20 % and of the latter only 6°. Bicarbonate was added and N, + 5 % CO, 
passed, when the py was 7-4. These extracts were strongly active without 
added GSH; relatively high concentrations of iodoacetic acid were needed to 
inactivate them. From Fig. 3 it will be seen that the activity of the crude 
extract is not impaired by incubation. Iodoacetate in N/2000 concentration 
had no action; N/420 caused a perceptible though slight retardation of lactic 
acid formation whilst the N/100 solution inhibited to about 50 °/. The chemical 
estimations showed that the manometric estimations fairly represented the 
lactic acid formed with the two lower concentrations (96 and 90 % of the 
manometric readings corresponded to the amounts of lactic acid found by 
Clausen determination); with the concentrated solution the discrepancy was 
greater. The experiment shows that a high concentration of iodoacetate is 
necessary to inactivate the undialysed extract. 

Dialysed liver extracts. Fig. 4 shows the reactivation of an extract dialysed 
for 3 hours by the addition of glutathione after the extract had been inactivated 
by incubating for 70 mins. with N/100 and /420 iodoacetate. Recovery of 
activity was complete and instantaneous on the addition of GSH equivalent 
only to 3, of the amount of iodoacetate added. This effect is still clearly 
shown by the extract after prolonged dialysis has reduced almost to zero 
its power to form lactic acid without any addition other than methylglyoxal. 
Fig. 5 shows the behaviour of an extract dialysed for 12 hours and the 
amounts of glutathione necessary to restore its activity. This extract was 
then shaken for 40 mins. in the thermostat with the addition of methylglyoxal 
to all vessels, and to some of iodoacetate also, in suitable concentrations. 
Glutathione (0-01 mg.) was then added from the side-bulbs attached to the 
vessels, when as Fig. 6 shows, reactivation was complete with those vessels 
which had 10-4 and 10-3 M iodoacetate (the latter is a 30-fold excess over the 
amount of glutathione used). On the other hand in the 300-fold excess present 
in the case of M/100 iodoacetate, this small amount of glutathione was unable 
to bring about complete reactivation, and the lactic acid formation as shown both 
by manometric and chemical estimation fell to about 60 % of the control without 
iodoacetate. The explanation of the phenomenon of reactivation in the presence 
of an excess of the inhibitor, which has been repeatedly confirmed, might lie 
either in a destruction of iodoacetate by incubation with liver extract, for which 
there is no direct evidence, or it is more probably due to a much more rapid 
reaction of GSH with the glyoxalase system than the reaction of GSH with 
iodoacetic acid. The reaction with the enzyme system is certainly rapid, in view 
of the immediate recovery of activity resulting in an instantaneous and vigorous 
formation of lactic acid on adding GSH. 

The behaviour of the dialysed extract is very different from that of the 
cruder, undialysed preparations. Fig. 7 shows an experiment with the same 
extract as that used for the experiment shown in Fig. 4, but after a further 
5 hours’ dialysis (8 hours in all) the glyoxalase action, without addition other 
than methylglyoxal, is now reduced to a low level, though the spontaneous 
increase of activity with time [cf. Lohmann, 1932] was rather unusually pro- 
nounced with this extract, as is shown by the upward curvature of the controls. 
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Fig. 4. Liver extract dialyse d for three hours. Reactivation by GSH after inactivation by I¢ H,¢ ‘OOH, 


A. Control, methylglyoxal added at 0 mins. 

B. (a) 2-4 mg. and (b) 0-47 mg. ICH,COOH added at 0 mins. Methylglyoxal added at 
65 mins., and 0-2 mg. GSH added at 140 mins. 

C. Addition of 0-2 mg. GSH to 2-4 mg. ICH,COOH. 


5. Amount of GSH needed to activate extract dialysed for 12 hours. 


A. Control without added GSH. B, 0-01 mg.; C, 0-025 mg.; D, 0-05 mg. GSH. 


¢.6. Reactivation of d alysed extract by GSH after ICH,COOH. 


The same extract as in Fig. 5 was put in the bath at 30° 15 mins. before the experiment 
egan, with the addition of methylglyoxal and iodoacetate. 

A. Control without added GSH. 

B. ICH,COOH, 10-2 W. GSH (0-01 mg.) added after 40 mins. treatment at 30° with 
I H,( OOH. 

C. ICH,COOH, 10-* W. Otherwise as B. 

D. I1CH,COOH, 10-4 M. Otherwise as B. 

Chemical controls. B, 0-48 mg. (91 ©): C, 0-79 me. (95 °%); D, 0-785 mg. (95 % 
metric). 


of mano- 


) 


7. Extract dialysed for eight hours. 


A. Control without added GSH or ICH,COOH. 

To B, C, D and E was added 0-05 mg. GSH (1-2 x 10-4 M), and to C, D and £ iodoacetate 
also, 20 mins. before experiment began. Methylglyoxal was added at 0 mins. 

B. Control without ICH,COOH; C, ICH,COOH, 1:-2x10-* MW; D, 3x10*M; £, 
2-5 x 10-* M ICH,COOH. 
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This extract was strongly activated by addition of glutathione in 1-2 x 10-* M 
concentration, and an exactly equivalent concentration of iodoacetic acid 
duced the lactic acid formation to the level of the control without added GSH. 
The dialysed extract is therefore more than one hundred times as sensitive to 
iodoacetate as the cruder extracts, and the amount of iodoacetate required to 
bring about inactivation is almost exactly equivalent to the amount of gluta- 
thione added. 

Intact tissues. The behaviour of slices of intact liver, studied by Warburg’s 
method, by suspending - 2 ce. bicarbonate-Ringer solution at 38° and py, 7-4, 
in an atmosphere of N, + 5% CO,, much more closely resembles that of the 
highly purified extract ian it does that of the crude glyoxalase preparations. 
Two experiments are reproduced in Figs. 8 and 9. In the former equal weighed 


mm.? CO, 











mm.® CO, per mg. dry tissue 





0 50 100 150 200 250 0 20 40 60 80 100 120 140 
Time (mins.) Time (mins.) 
Fig. 8. Fig. 9. 


Fig. 8. Rat-liver slices. 


Each vessel contained 50 mg. moist weight; all were put into the bath 60 mins. before 
first reading at 0 mins., when methylglyox: > was added. 

A and B. Controls without ICH. of ‘OOH: ICH,COOH =1:-5 x 10-4 MW; D, 4-8 x 10-4 VM: 
E, 2-4 x10-* M ICH,COOH. 0-1 mg. GSH idded to all except B at 100 mins. 


Fig. 9. Rat-liver slices. 
A. Control without ICH,COOH. 
B. Time incubated 20 mins. with 1-5 x 10-* M ICH,COOH before adding methylglvoxal. 
C. As B but with 5 x 10~* M ICH,COOH. 


portions (50 mg.) of the slightly age slices were placed in the vessels and to 
some of these iodoacetic acid in concentration varying from 1-5 x 10-* to 

10-* M was added. The slic es were shaken in the manometer vessels in 
the thermostat for 70 mins. before adding the methylglyoxal solution (0-2 cc.) 
from the side-bulbs attached to the vessels. Definite inhibition of glyoxalase 
action was shown in the presence of even 1-5 x 10-4 W iodoacetate, whilst 
with 3 times this concentration the activity was only about 40 % of the controls. 
The activation on adding glutathione (0-1 mg.) to the contents of the vessels 
was very marked, though with the highest concentration of iodoacetate used 
(2-4 x 10-3 M) the conversion of the methylglyoxal was only partially complete 


(Fig. 8). 
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It was found that this long preliminary treatment of the liver slices with 
iodoacetate is unnecessary. In the experiment represented in Fig. 9 the con- 
ditions were the same, but the methylglyoxal (not the same solution as in 
Fig. 6) was added to the tissues 10 minutes after the first reading (in all 20 
minutes after adding the iodoacetate and placing in the bath). The curves show 
that there is a definite inhibition of glyoxalase activity in the intact tissue slices 
by 1-5 x 10-4 M iodoacetate, even after this short incubation time. 


SUMMARY. 


1. When neutral solutions of sodium iodoacetate and glutathione are mixed 
a reaction occurs which follows the bimolecular law and results in the elimina- 
tion of iodide and the formation of a thio-ether. The behaviour of bromoacetate 
is similar but less vigorous, whilst that of chloroacetate is much less so; the 
respective velocity constants for the reaction at 38° are of the relative order, 
[: Br:Cl=15:9:0-15. With cysteine a similar reaction occurs, and the pure 
reaction product has been prepared in good yield under conditions of reaction 
and temperature not very different from the physiological. 

2. The iodoacetate-inhibition of glyoxalase activity is reversed completely 
by addition of glutathione to the inactivated extract. It is therefore the 
coenzyme of glyoxalase that is inactivated by iodoacetate, the enzyme 
itself remaining undamaged. The concentration of iodoacetate necessary to 
inhibit glyoxalase preparations depends on the method of preparation of the 
extracts. With crude undialysed extracts high concentrations of iodoacetate 
(V/100) are necessary, whilst with the preparations subjected to thorough 
dialysis the amount of iodoacetate is nearly equivalent to the content of 
added glutathione, thus iodoacetate in about 10-4 W concentration or less 
may be sufficient to stop lactic acid formation from synthetic methylglyoxal 
in the dialysed extracts. This is of the same order of concentration as that 
found to inhibit the glyoxalase action of tissue slices, prepared and studied 
by Warburg’s method. Hence it is once more shown that quantitative con- 
clusions drawn from the behaviour of extracts may be misleading when applied 
to the intact tissues. The concentration of iodoacetate needed to check the 
conversion of synthetic methylglyoxal into lactic acid by intact tissues is of the 
same order as that [Krebs, 1931] required to stop the conversion of glucose 
into lactic acid by tissues. 


Part of this work was carried out while the author was a member of the 
Scientific Staff of the Medical Research Council, and it has been completed 
at the Cancer Research Institute, North of England Council of the British 
Empire Cancer Campaign, Newcastle-on-Tyne. To both of these bodies he wishes 
to express his thanks. The United Yeast Company, Ltd., kindly provided 
facilities for the supply of yeast used for the preparation of glutathione. 
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CLIT. THE APPROXIMATE DETERMINATION 
OF SPERMINE IN SINGLE HUMAN ORGANS. 


By GEOFFREY ARTHUR HARRISON. 
From the Laboratory of Chemical Pathology, St Bartholomew's Hospital. 


(Received May 20th, 1933.) 


In the writer’s published work [Harrison, 1931] on the distribution of spermine 
in human tissues it was necessary to pool the smaller organs from a number 
of subjects in order to make a single estimation by the steam-distillation method. 
As a development of the subsequent study of Barberio’s picric acid test for 
semen [Harrison, 1932] the method for estimating spermine in organs has been 
modified, so that approximate determinations of the amount in a single prostate, 
or in a pair of testes or in a single sample of human semen can be undertaken. 
The investigation is an extension of the work previously published, in the hope 
of throwing some light on the significance of the relatively large quantities of 
spermine in the average human prostate. 


The modified method. 


In brief, spermine and other substances are extracted from the dried material 
by trichloroacetic acid. An aliquot part of the cleared extract is precipitated 
with picric acid. The crude spermine picrate is converted into the hydrochloride, 
and then into the characteristic phosphate which is insoluble in 25 % alcohol. 
The spermine phosphate is separated, washed, dried and weighed. 

The details are as follows. After mincing and weighing, the organ is heated on the boiling 
water-bath for several hours, absolute alcohol being added at intervals to hasten the drying 


process. It is then stored in a vacuum-desiccator as long as is convenient. After weighing, the 


dried organ is extracted with ether for 2 to 6 hours in a Soxhlet apparatus (when very fatty it is 
more satisfactory to weigh the organ after ether extraction). The residue is transferred quanti- 
tatively from the Soxhlet thimble into a glass-stoppered measuring cylinder of suitable capacity. 


2-5 °, trichloroacetic acid is added to a total of 10 volumes; i.e. each g. of dried (or of dried and 
ether-extracted) material is made up to a total of 10-0 cc. by addition of the acid. The mixture 
is thoroughly shaken at intervals, extraction being allowed to continue for 2 hours. Any con- 


traction in volume is made good by addition of more acid, and, after mixing, the extract is 


decanted and cleared as much as possible by centrifuging or filtering or both. As a rule the final 
fluid is clear or only slightly opalescent. Its volume is measured, and an equal volume of saturated 
aqueous picric acid is added. The mixture is heated on the boiling water-bath till it is clear or 
only slightly opalescent. The flame is turned out and cooling allowed to proceed slowly to room 
temperature. (This makes the subsequent separation of the picrate less difficult.) After standing 
for a few hours (conveniently overnight), the picrate precipitate is separated by decanting and 


centrifuging (filtration is generally less satisfactory), and is roughly dried in air (e.g. in the 
incubator at 37° overnight). It is then dissolved in the minimum of boiling acid alcohol (concen- 
trated HCl 7 cc., water 43 cc., alcohol to 200 cc.), and thrown into at least 10 volumes of acetone. 
The precipitate of crude spermine hydrochloride is filtered off, most conveniently through a 
Soxhlet thimble placed in a conical funnel which is mounted in a filter-flask, so that slight suction 
can be applied at the end of the process. After washing with acetone until free from picric acid, 
the funnel is transferred without elay to a suitable boiling-tube with side-arm. The precipitate 
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is dissolved in the minimum of hot water, a few cc. being added at a time followed by gentle 
suction. Phenol red is added as indicator, and then drop by drop a concentrated aqueous solution 
of diammonium hydrogen phosphate until a py of 7-0 to 7-2 is attained. After adding 1/3 vol. 
of absolute alcohol, the mixture is allowed to stand overnight at room temperature for the 
crystals of spermine phosphate to separate. The crystals are finally filtered off, washed with 
25 % and then with absolute alcohol, dried and weighed. The following is an example of the 
calculation: 

Fresh weight of minced prostate, 22-85 g. 

Dry weight of same, 4-52 g. 

Made up to total volume of 45-2 cc. with 2-5 % trichloroacetic acid. 

Volume of filtrate, 30-5 cc., which corresponds to 3-05 g. of dried prostate. 

Weight of dry spermine phosphate, 9-5 mg. 

Therefore yield of spermine (as phosphate) ee -311 mg. per 100g. dry prostate, 
9-5x100 4:52 


305 * 30-86 =61-5 mg. per 100 g. fresh prostate. 


or 


Method for human semen. 


A measured volume of semen is thrown into at least 5 volumes of absolute alcohol, mixed 
well and allowed to stand several hours (e.g. overnight). The precipitate of protein and spermine 
phosphate and other substances is filtered off with suction, washed with absolute alcohol and 
dried in air. The precipitate from each cc. of semen is made up to 5 ce. with 2-5 % trichloroacetic 
acid, and treated subsequently exactly as described above. 


Notes on method. 


The organ must be dried and (in most cases at any rate) extracted with ether. If the fresh 
organ is extracted directly with trichloroacetic acid, the extract contains fat and other substances 
in such a fine state of division that it cannot be cleared satisfactorily by centrifuging or filtering. 

The crude spermine picrate generally comes out so finely divided that it is difficult or im- 
possible to separate it by filtration. By redissolving with heat and slow cooling, followed by 
centrifuging, this difficulty is largely eliminated. 

3y the method above described the weighing of the picrate [see Harrison, 1931] can be 
avoided—an important point when dealing with such small quantities. 

If the yield of spermine phosphate is relatively large, or if it is grossly pigmented, it is better 
to complete the precipitation by adding an equal volume of alcohol, then to redissolve the preci- 
pitate in boiling water, decolorise with charcoal and filter hot; phenol red is added to the filtrate, 
the reaction is adjusted if necessary, and 1/3 vol. of absolute alcohol is added as previously 
described [ Harrison, 1931}. 

Several experiments were made on the time required for extraction by trichloroacetic acid. 
There was no significant difference in the yields when half the gland was extracted for 2, and 
the other half for 24 hours. 

For the reason given below, the present method is not so accurate as the steam-distillation 
method. The latter is therefore to be preferred when working with large organs or with large 
numbers of pooled small organs. The present method is useful for single small organs, or as a 
preliminary test to discover roughly how much spermine an organ or other material contains. 


DISCUSSION OF RESULTS. 


The organs were all obtained post mortem; the cause of death is indicated in 
the Tables. To outward appearance none of the organs analysed was diseased ; 
those cases in which abnormalities of the particular organs would be expected 
from the nature of the cause of death were excluded. The results have been 
arranged according to the subjects’ ages. Some of the pancreases obtained for 
analysis were incomplete, portions being required for other examinations. When 
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examined microscopically the crude spermine phosphate finally obtained was 
seen, in the case of the prostates and human semen, to consist almost entirely 
of the typical lenticular crystals. The final material from testes contained a 
little amorphous matter. The crude phosphate from pancreas contained quite 
an appreciable amount of amorphous matter; the yields reported for spermine 


Table I. 


Weicht of 
prostate, g. 









































Prostates. 


Cause of death 
Cerebrospinal fever 
Malignant endocarditis 
Septic endocarditis 
Lymphadenoma 
Subphrenic abscess: septic meningitis 
Exophthalmic goitre 
Tuberculous bronchopneumonia 
Pontine haemorrhage 
Addison’s disease 
Carcinoma of pancreas 
Hodgkin’s disease 
New growth and abscess lung 
Gastric ulcer: broncho-pneumonia 
Familial jaundice: peritonitis 
Gastric ulcer 
Gastrectomy: peritonitis 
Fractured skull 
Contracted kidney: uraemia 
Emphysema; cardiac failure 
Rheumatic carditis 
Contracted kidney: uraemia 
Perforated gastric ulcer 
Renal tuberculosis and perinephric abscess 
Abdominal neoplasm 
Myocarditis 
Duodenal ulcer: arteriosclerosis 


* Excluding W. S., age 8. 


Testes. 


Weight of pairs 


of testes, g. 


Age Dry Fresh - 
Patient years gland gland Dried Fresh 
W. S. 8S None detected 0-19 0-96 
L. W. 15 47 1-03 
i a ae ae 188 1-34 
c. = 31 27 1-47 
G.G 3 346 66 3-93 20-7 
W.M 35 326 2-20 ~ 
J, ¢ 38 625 117 2-49 13-3 
se A 39 1219 266 5-24 24-1 
F. B. 39 227 45 4-3 21-9 
he 4] 628 125 2-25 11-4 
y.S8. 42 86 15-6 2-46 13-5 
E. R. 47 311 62 4-52 22-9 
F. B. 49 1410 —e 2-80 a 
hs 50 158 26 3°05 18-8 
W. E. 55 663 3-00 
W. W. 7 1293 - 2-32 - 
W. Wd. 59 506 98 6-07 31-3 
2. M. 60 965 ~ 3-04 — 
W.c 60 989 182 4-06 22-1 
J. B. 61 1358 255 2-10 11-2 
G. P. 65 557 145 13-72 52-7 
W.B 66 695 131 3°26 17-4 
W. } 66 22 56 3-09 12-0 
P. 8. 66 930 173 4-69 25-2 
J. M. 67 387 82 2-16 10-2 
J.G 72 302 61 2-75 13-6 
Average*: 582-6 109-1 
Table IT. 
Spermine 
(as phosphate) 
mg. per 100 g. 
Age Dry Fresh 
Patient years gland glanc Dried 
es 32 102 16-0 6-24 
G. McC. 34 108 14-5 4-9] 
Cen. 37 47 7:1 4-54 
C. H. 38 92 12-2 3°36 
W. B. 42 23 3°5 4-20 
H. B. 45 12 1-7 2-05 
A.B 16 58 9-8 4-1] 
cP. 50 71 12-0 5°36 
C. A. 57 70 11-6 6-39 
. De 61 71 11-0 R15 
H.S 61 81 12-0 4-54 
2 Cc. 62 52 9-3 5-62 
C. A. 65 65 10-0 3.83 


Fresh Cause of death 

39-9 Arthritis of hip: septicaemia 
36-7 Chronic rheumatic carditis 
30-4 Chronic nephritis 

25-2 Carcinoma in lung 

27-3 Coronary thrombosis 

14-1 Phthisis j 
24-4 Contracted kidney: uraemia 
31-7 Carcinoma of bladder 

38-3 Carcinoma of pancreas 

20-4 Peritonitis 

30- Pelvic neoplasm 


HCl poisoning 
Carcinoma of liver 
Perforated gastric ulcer 


to 
“1-109 ot 
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Table III. Pancreases. 


| Spermine 
(as phosphate) 
mg. per 100 g. Weight of 


— — pancreas, g. 





Age Dry Fresh —- 
Patient years gland _ gland Dried Fresh Cause of death 
T. E. 16/365 Present 0-31 1:09 Umbilical sepsis: bronchopneumonia 
F. G. 4 303 61 2-24 11-1 Diarrhoea and vomiting 
Wee. 8 253 54:5 6-14 28-5 Cerebrospinal fever 
i W.McS. 19 201 3 16-81 78-9 Acute rheumatic carditis 
‘E. R. 26 123 27 6-78 30-9 Mediastinal lymphosarcoma 
H. B. 37 151 50 12-55 38-1 Peritonitis 
J.C. 38 123 45 22-69 61-6 Tuberculous bronchopneumonia 
J.8. 42 230 40 12-59 72-4 Hodgkin’s disease 
H. G. 50 254 46 8-36 45-9 Perforated gastric ulcer 
r. S. 50 156 30 15-27 79-9 Lymphatic leucaemia 
W. E. 55 210 -- 14-65 — Gastric ulcer 
W.C. 60 159 16-3 3-89* 37-8 Emphysema; cardiac failure 
; J. B. 61 105 13-5 13-08* 102-0 Rheumatic carditis 
GF. 65 117 15-1 8-13* 62-9 Contracted kidney; uraemia 
J. G. 72 239 50-8 14-03 66-0 Duodenal ulcer; arteriosclerosis 
Average: 187-4 37-9 


Age 
Materia! years 
Stomach 15 
50 
63 
Small 15 
intestine 47 
48 
Large 15 
intestine 47 
48 
Spleen 40 
: 53 
: 55 
' 65 
Uterus 42 
49 
54 
Pairs of 41 
ovaries 54 
Thyroid 49 
57 
65 
' 
i 
Semen 38 
25 





* Weight of dried organ less ether-soluble matter. 


Spermine 


Dried Fresh 


(as phosphate) 
mg. per 100 g. 


Table IV. 


Weight of 
material, g. 


oe ee 


Dried 
22-9* 


22:1 


24-0 

43-8* 
58-0* 
19-2* 
33-2 

25-2* 
57-6* 
57-0* 
20-5* 
24-8* 
12-7* 


11-5 


bo 


woh —=bhS = bho 
— 


_ 
ad 


CO1em © 


127 22 
101 18 
79 14 
167 20 
141 19 
129 17 
34 4- 
65 3: 
182 24 
76 16 
111 26 
52 13 
112 22 
31 8 
46 11 
18 5 
26 4 
ll 2 
20 5 
15 5 

7 2 
Date wmg./ 

(1932) 100 ce. 

26.ii 233 
4.iii 112 
15. iii 268 
29.iv 170 
l4.vi 160 
2l.vi 154 
— 63 


Fresh 
129-9 
127-8 


138-9 
364-1 
428-6 
150-4 
247-0 
191-0 
444-1 
275-6 

88-0 
100-5 

65-3 

44-5 
92-5 
41-3 
12-8 

4-4 


* Weight of dried organ less ether-soluble matter. 


Miscellaneous. 


Cause of death 

Miliary tuberculosis 
Suppurative cholangitis: car- 

cinoma of common bile-duct 
Duodenal ulcer 
Miliary tuberculosis 
Gastric ulcer: peritonitis 
Pneumonia 
Miliary tuberculosis 
Gastric ulcer: peritonitis 
Pneumonia 
Cerebral abscess: 


empyema 


Carcinomaofcommon bile-duct 
of 


Carcinoma colon: 
tonitis 
Mediastinal growth 


Lobar pneumonia 


peri- 


Suppurative perinephritis 
Lobar pneumonia 
Mediastinal growth 
Duodenal ulcer 
Suppurative diverticulitis: 
gangrene of colon 


Same individual 


Healthy individual 


Amorphous 
impurity 
in spermine 
phosphate 

Little 


99 
Fair quantity 
Little 

29 


Fair quantity 


Little 
> 
99 
29 
99 


Fair quantity 


” 


Considerable 


Fair quantity 
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phosphate are therefore definitely too high, though probably not more than 

10 °%,. With some of the other organs reported in Table IV the proportion 
of amorphous matter was still greater (see last column of Table IV), but the 
figures at least indicate that in all these organs, spermine, though present, is not 
in excess of the amounts found generally elsewhere; they extend the contrast 
between the yields from prostates and other organs respectively, because several 
of the organs in Table IV had not been examined in the previous investigation. 

The amorphous matter in the crude spermine phosphate finally separated 
was mainly protein or cleavage products of protein. 

The average yield from prostates (Table I) in this series (109-1 mg. per 100 g. 
of 17 fresh prostates) is of the same order as the previous yield [ Harrison, 1931] 
of 130 mg. per 100g. from 1594 g. of pooled organs collected under alcohol. 
But the individual results vary enormously (5-6 to 266 mg.), and no correlation 
is apparent between yield and either the patient’s age, or the size of the gland 
or the type of disease causing death. The range is so great as to make it unlikely 
that similar estimations in diseases of the prostate would be of any value. It 
would seem that the quantity of spermine in the prostate is fortuitous. Possibly 
any excess in the body is excreted by this gland. Certainly the results do not 
suggest that spermine has any particular functional significance in connection 
with the prostate or with reproduction. 

It has been possible to make only a few determinations on normal human 
semen (Table IV). The results vary considerably; this is strikingly shown in the 
series of observations on one individual over a period of 4 months. Since the 
spermine of semen is probably mainly if not entirely derived from the prostate 
[ Harrison, 1931] these findings are to be expected. 

The spermine contents of 14 individual pairs of testes (1-7 to 16 mg., Table IT) 
vary much less than those of prostates. They are of the same order as previously 
reported for pooled testes and are not above the amounts found generally in 
the organs of the body. 

The results for 13 individual pancreases (Table III) vary from 13-5 to 61 mg. 
per 100 g. fresh gland, with a mean of 37-9 mg., as against the value of 16-1 mg. 
previously reported for 3361 g. of pooled pancreases. As explained above the 
present figures are a little too high in view of impurities. 


SUMMARY. 

1. A method is described for the approximate determination of spermine; 
this is useful in examining single small organs or a single sample of semen, and 
as a preliminary test to discover whether material contains significant amounts 
of spermine. 

2. The spermine contents of individual normal prostates obtained post 
mortem vary enormously. Though the average yield is high, confirming previous 
work, the conclusion is drawn that the amount is fortuitous, possibly repre- 
senting an excretion of excess from the body. The results throw no light on the 
possible functional significance of spermine. 

3. The approximate spermine contents of a few more human organs are re- 
ported; they are of the same order as found in all organs other than the prostate. 


The author is indebted to the Medical Research Council for a grant towards 
the expenses of this work. 
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THE intermediary stages in the transformation of alanine into glucose are not 
clearly understood. The amino-acid may either undergo hydrolytic deamination 

yielding lactic acid, or be converted into pyruvic acid by oxidative deamination. 
Evidence that it is finally converted into sugar and the quantitative relation- 
ship which exists have been furnished by making use of the glycosuric organism. 
Thus Ringer and Lusk [1910] gave 20 g. of dl-alanine to a phlorrhizinised dog 
and observed its complete elimination as 20 g. of urinary glucose. Mandel and 
Lusk [1906] showed that d-lactic acid was completely converted into glucose 
in the diabetic organism and that 70 % of the dl-lactic acid could be so trans- 
formed. Ringer [1913] showed that pyruvic acid is convertible into glucose when 
administered to the glycosuric organism. 

An alternative method of demonstrating the conversion of amino-acid into 
glucose, and one which can be shown in a normal organism, seems to be the 
measurement of liver- and muscle-glycogen following administration of the 
amino-acid. Neuberg and Langstein [1903] gave 20-30 g. of dl-alanine to 
starving rabbits and found from | to 2 g. of glycogen in the liver. Muscle-glycogen 
was not measured. They recovered from the urine of their animals an amount 
of lactic acid corresponding to 2 g. of zinc lactate. Regarding the formation of 
glycogen from lactic acid itself contradictory results have been obtained. 
Barrenscheen [1914] perfused the isolated livers of rabbits and dogs with sodium 
lactate and was unable to demonstrate glycogen formation. Abramson, Eggleton 
and Eggleton [1927], using dogs anaesthetised with ether and amytal, were 
unable to demonstrate glycogen synthesis in the liver following intravenous 
injection of sodium dl-lactate, although the injection of glucose under the same 
conditions yielded glycogen in the liver. Cori and Cori [1929] found that sodium 
lactate, when fed by mouth or injected subcutaneously, led to glycogen de- 
position in the liver. 

Efforts to demonstrate an increase in liver-glycogen in normal animals are 
complicated by such important considerations as the obtaining of reliable con- 
trols and the use of operative procedures designed to prevent excessive excita- 
tion. Adult rabbits are not a good medium for work of this kind on account 
of the marked irregularity in the glycogen content of the tissues even when 
every precaution is taken to have the animals fed and otherwise treated alike. 
Young rabbits on the other hand are capable of furnishing reliable controls, 
especially when of the same litter, because of the uniformity of their liver- and 
muscle-glycogen content. 


1 Ellen Mickle Fellow, University of Toronto. 
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EXPERIMENTAL. 


Young rabbits of the same litter were used. Blood-sugar was determined 
by MacLean’s method, blood from the carotid artery being taken. Glycogen 
was determined in liver and muscle in the following manner. The feet and head 
of the animal were held and the carotid artery on one side severed with a sharp 
razor. From the blood thus obtained appropriate amounts for the various 
estimations were immediately taken. The animal was killed by a sharp blow 
on the back of the head, extended and the abdomen rapidly opened. The liver 
was quickly removed, the gall bladder detached, the posterior lobe cut off, 
weighed and dropped into boiling 60 °% potassium hydroxide (1 ce. to 1 g. 
tissue). This process, from the time of killing the animal until the addition to 
the potassium hydroxide, did not occupy more than 90 seconds. Meanwhile the 
posterior extremities were skinned and the anterior tibial and gastrocnemii 
muscles removed, weighed and dropped into boiling potassium hydroxide. The 
remainder of the liver was weighed and discarded. The tissue was allowed to 
hydrolyse in the potash for 3 hours, then 3 cc. of glacial acetic acid were added and 
the mixture filtered. Of the filtrate an aliquot part was taken into a hard glass 
centrifuge-tube and precipitated with absolute alcohol. After standing one-half 
hour the tube was centrifuged, the supernatant fluid drained off, 2 cc. of 2-2 % 
hydrochloric acid added, and the glycogen hydrolysed to glucose in a boiling 
water-bath. After cooling and neutralising with KOH the solution was made 
up to a known volume and filtered through a starch-free filter-paper. The glucose 
was estimated by the method of von Issekutz and von Both [1927] which 
depends on the reduction of potassium ferricyanide, and the quantities were 
so adjusted that amounts of glucose only up to 15 mg. could be estimated. This 
technique is particularly suitable for accurate glycogen determinations. 

Blood- and urine-lactic acid estimations were made by the method of 
Friedemann, Cotonio and Shaffer. Blood- and urine-amino-acid estimations 
were made by the method of Folin. 

Exp. 1. Ten young rabbits were taken. They were deprived of food for 
24 hours before experiment. Five were used as controls and the other five were 
each given an intravenous injection of 2 g. of sodium dl-lactate. The animals 
were killed 3 hours after injection. The control animal and the corresponding 
injected animal are from the same litter in each case. 


Glycogen (%) Liver- Blood- 
Weight Blood-sugar - ——, glycogen lactic acid 
No. (g.) (mg./100 cc.) Liver Muscle (mg.)  (mg./100 ce.) 
Controls: 

] L000 90 0-481 0-371 143 64 

2 1100 58 0-513 0-584 163 44 

3 850 45 0-292 0-110 63 33 

{ 900 15 0-643 0-592 195 14 

5 850 51 0-726 0-362 163 24 


Injected animals (2 g. sodium dl-lactate intravenously): 


6 1100 67 1-635 0-314 579 83 
7 1100 79 1-512 0-450 553 96 
8 1000 62 1-594 0-148 503 93 
9 930 168 2-056 0-461 744 66 
10 850 330 1-850 0-371 445 67 


These results show an average increase in liver-glycogen of 400 %. There 
is no significant change in the glycogen content of muscle, nor in the blood- 
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sugar values. The average blood-lactic acid value rose from 41-8 mg./100 ce. 
in the control animals to 81 mg./100 cc. in the injected animals. The amounts 
of lactic acid in the urines of Nos. 7, 9 and 10 were measured and found to be 
0-39 g., 0-113 g. and 0-196 g. This shows a variable excretion of from 5 to 20 % 
of the injected sodium lactate as lactic acid in the urine. 

Exp. 2. Four animals from the same litter were taken and two of them 
given 2 g. of sodium dl-lactate intraperitoneally each. Before experiment, Nos. 1 
and 3 were deprived of food for 12 hours, Nos. 2 and 4 for 24 hours, in order 
to show whether a greatly depleted liver-glycogen was a sine qud non for 
glycogen formation. 


Glycogen (%) Liver- Blood- 
Weight Blood-sugar nee glycogen lactic acid 
No. (g.) (mg./100 ce.) Liver Muscle (mg.) (mg./100 cc.) 

Controls: 

1 1300 85 4-990 0-612 2065 53 

2 1300 81 0-533 0-409 208 50 
Injected animals (2 g. sodium dl-lactate intraperitoneally): 

3 1300 95 10-43 0-604 5704 117 

+ 1200 171 2-284 0-268 768 110 


It will be seen that the results obtained by intraperitoneal injection parallel 
those resulting from intravenous injection. Also that an initial level of 5% 
glycogen in the liver does not preclude a rise to 10 °% following lactate adminis- 
tration. 

In view of the rapidity with which the young rabbit forms liver-glycogen 
from lactic acid it is reasonable to expect a similar increase in liver-glycogen 
from alanine, if lactic acid be considered an intermediary product in the trans- 
formation of alanine into glucose. 

Exp. 3. Three animals from the same litter were deprived of food for 24 hours 
before experiment. Two of the animals were injected intravenously with 2 
of dl-alanine made up to 10 cc. with isotonic saline. Killed 3 hours after 
injection. 


oC 


Glycogen (%) Blood- 
Weight Blood-sugar — . > lactic acid 

No. (g.) (mg./100 ce.) Liver Muscle (mg./100 cc.) 
Control : 

1 550 75 0-583 0-242 40) 
Injected animals (2 g. dl-alanine intravenously): 

2 525 100 0-517 0-228 37 

3 550 75 0-570 0-178 44 


It will be observed that there is no significant change in liver-glycogen or 
in muscle-glycogen. Nor is there a rise in blood-lactic acid as was observed 
when lactic acid was injected. 

An experiment was then carried out to see what was happening to the in- 
jected dl-alanine. With this end in view the amino-acid and urea contents of 
both the blood and the urine were estimated. 

Exp. 4. Five young rabbits from the same litter were taken and deprived 
of food for 24 hours before experiment. One animal was used as a control and 
into each of the others were injected 2 g. of dl-alanine. The animals were killed 
114, 3, 44 and 6 hours after injection. The control animal received 10 cc. of 
isotonic saline intravenously. Before being injected the urinary bladders of the 
animals were emptied, and afterwards the animals were placed over receptacles 
and the urine in these and from the bladder was collected at the end of the 
experiment. 

73—2 
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Killed Urine- Urine- Urine- 
(hours Blood- amino-acid urea lactic acid 
after Glycogen (°%%) amino-acid (total (total (total 
Weight injec- (mg./ amount amount amount 
(g.) tion) Liver Muscle 100 ec.) mg.) mg.) mg.) 
Control: 
1150 3 1-67 0-262 9-39 5:48 115 0-594 
Injected animals (2 g. dl-alanine intravenously): 
1100 13 1-47 0-266 24-7 84-2 50 
975 S. 1-62 0-490 21-8 80-4 54 
1300 43 75 0-230 15-0 106-2 105 
1150 6 1-75 0-315 13-4 98-3 192 





The values obtained for blood-urea and blood-lactic acid were without 
significance. The remarkable constancy of the liver-glycogen values will be at 
once apparent. There is no significant change in muscle-glycogen. On an average 
less than 5 % of the injected amino-acid was excreted as such in the urine. The 
excretion of urea does not show the increase that might have been expected. 
Although there is a slight increase in lactic acid excretion, the absolute values 
are very small. 

Having in mind the possibility that enough time had not been allowed to 
show glycogen deposition, the following experiment was devised. 

Exp. 5. Two young rabbits from the same litter were deprived of food for 
24 hours before experiment. The control animal was given three 10 cc. injections 
of isotonic saline at intervals of 2 hours. The other animal was given three 
injections containing 1 g. of dl-alanine in each injection, also at 2-hourly in- 
tervals. Both were killed 24 hours after the first injection. Urine was collected 
as in Exp. 4. 


Urine- Urine- 
Blood- amino-acid Urine-urea lactic acid 
Glycogen (%) amino-acid (total (total (total 
Weight (mg. amount amount amount 
(g.) Liver Muscle 100 ec.) mg.) mg.) mg.) 
Control: 
1050 0-282 0-136 9-3 5:25 3488 0-09 
dl-Alanine -injected animal (3 g.): 
1025 0-303 0-240 8-1 155-2 3183 0-09 


The same negative results as in Exp. 4 were obtained again. Of 3000 mg. 
of dl-alanine injected only 155 were excreted in the urine. The lactic acid excre- 
tion in each case is an equal but negligible quantity. 

Finally, to investigate the problem under conditions as nearly normal as 
possible the alanine was given orally. 

Exp. 6. Four young rabbits from the same litter were deprived of food for 
24 hours before experiment. Two were used as controls and the other two each 
received 4 g. of dl-alanine by stomach tube. The animals were killed at the end 
ot 6 hours. 


Urine- Urine- Urine- 
Blood- amino-acid urea lactic acid | 
Glycogen (%) amino-acid (total (total (total j 
Weight (mg. amount amount amount 
No. (g.) Liver Muscle 100 ce.) mg.) mg.) mg.) 
I 
Controls: 
l 850 0-505 0-174 10-9 3°5 812 3°6 
2 625 0-494 0-165 8-9 — — --- 
dl-Alanine-administered animals (2 g. orally): 
3 875 0-390 0-228 22-6 25-0 580 Nil 


) 
4 500 0-445 0-173 43-5 ~~ — _— 
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The urine secreted by Nos. 2 and 4 was insufficient for quantitative in- 
vestigation. No lactic acid could be recovered from the urine of No. 3. The 
excretion of urea over short periods varies so much in different animals, 
that not much reliance can be placed on comparative figures. The foregoing 
experiment demonstrates the inability of the animals to lay down liver-glycogen 
from orally administered dl-alanine. 


DIscusSION. 


The ease and speed with which lactic acid is transformed into liver-glycogen 
in the young rabbit is clearly demonstrated. But when dl-alanine, an amino- 
acid closely allied structurally to lactic acid, the immediate deamination product 
of which may indeed be lactic acid, is injected no increase in liver-glycogen is 
obtained. To explain the discrepancy between these results and the above- 
mentioned findings of Neuberg and Langstein it is necessary to review the work 
of the latter in the light of present day knowledge. In their work no mention 
is made of the length of starvation, the age of the animals, the time interval 
between the giving of the amino-acid and killing of the animal, nor what 
methods of control, if any, were used. Without careful attention to these very 
important considerations an increase in liver-glycogen may be apparent but 
unreal. Moreover these investigators did not estimate the muscle-glycogen. If 
there had been much excitation of the animals during the experiment a decrease 
in muscle-glycogen might have been observed; and the consequent liberation 
of lactic acid in the muscles could have been responsible for formation of 
glycogen in the liver and the substantial excretion of lactic acid which they 
found in the urine of their animals, amounting to about 10 % of the weight of 
alanine given. This is approximately the lactic acid excretion obtained in my 
work after injecting sodium lactate itself. When, in my experiments, alanine 
was given quite negligible amounts of lactic acid were obtained. It is possible 
that inability to demonstrate appreciable quantities of lactic acid in the urine 
under these conditions may indicate that lactic acid is not an intermediate 
product in the breakdown of alanine to glucose. 

Since only up to 5 % of the injected alanine can be recovered as such in 
the urine, and since urea excretion figures show little evidence of any substantial 
deamination, it is obvious that the excess of amino-acid is taken up by the 
tissues. 

In such conditions as diabetes and phlorrhizin poisoning the processes of 
gluconeogenesis are proceeding at a rate much greater than is normally called 
for, and the deamination of protein degradation products is so rapid that ad- 
ministered amino-acid is at once transformed into glucose, and thence under 
suitable conditions to glycogen. In the normal animal, however, the process of 
utilisation of amino-acid is comparatively slow and the tissues therefore take 
up the excess administered, and the rate of its removal from the tissues is deter- 
mined by the necessities of calorie requirements. 


SUMMARY. 


1. The ease with which the young rabbit forms liver-glycogen from injected 
sodium dl-lactate is demonstrated. 

2. Similar injections of dl-alanine cause no increase in liver-glycogen and 
this result serves to emphasise the great difference between the metabolism of 
amino-acids in diabetic or phlorrhizinised animals and normal animals. The most 
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probable interpretation of this result is that in the normal animal the tissues 
take up the amino-acid rapidly and release it so slowly that no appreciable 
deposition of glycogen can be detected. 


I wish to acknowledge my thanks to Dr M. G. Goldblatt for his help and 
advice throughout the work. 
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So far, the most satisfactory source of galacturonic acid has been a commercial 
“lemon pectic acid” of American origin. It was from this material that Link 
and Dickson [1930] obtained the acid in good yield. The commercial product 
is not, however, readily obtained in this country, and for this reason attempts 
were made to discover a suitable plant material, readily available, which could 
be used in place thereof. 

A plant material with a high pectin content and relatively free from other 
polysaccharides would be ideal for the purpose. Suarez [1917] used expressed 
lemon pulp but was unable to obtain the acid in crystalline form. Ehrlich and 
Schubert [1929] used the so-called “‘hydrato-pectin” from beetroot, but their 
method was tedious and the yield poor. No other attempt seems to have been 
made to use plant tissues directly for the preparation of the acid. 

Three materials were used in the attempt to prepare the acid: 


(1) sugar beet residues; 
(2) apple pomace; 
(3) lemon peel. 


Of these, lemon peel was found by far the most satisfactory. Crude galac- 
turonic acid was obtained from apple pomace, but it could not be separated 
from an unknown laevorotatory substance. 


EXPERIMENTAL. 


The lemon peel was cut into small pieces and boiled with 60 ° alcohol for a 
short time, dried, and coarsely powdered. Portions of 100 g. were hydrolysed with 
2000 cc. of 3 °% H,SO, for 20 hours, preliminary experiments having shown that 
a maximum yield of galacturonate was obtained under these conditions. After 
hydrolysis, the bulk of the sulphuric acid was removed by barium hydroxide, 
which was added with vigorous stirring, and finally by shaking with barium 
carbonate. The filtrate was evaporated to 400 cc. at a temperature below 40°, 
twice decolorised by shaking with norite, and from the solution the barium 
galacturonate was precipitated by pouring into 3 volumes of alcohol. The 
precipitate was well washed with warm alcohol and dried in vacuo. The amount 
obtained from 100 g. of the dry peel was 30 g., with an ash content equivalent 
to 26-48 % Ba. The barium salt was decomposed with sulphuric acid in the 
manner described by Link and Nedden [1932]. It was found that if the syrup 
did not crystallise within 2 days in a vacuum desiccator it was best to granulate 
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it by means of dry acetone; a considerable amount of brown colouring matter 
remained in the acetone. 10g. of barium salt gave a yield of 3g. of free galact- 
uronic acid as a white crystalline powder. This could then be recrystallised 
from a mixture of dilute alcohol and acetone or glacial acetic acid and ether; 
in either case the acid was dissolved in the minimum quantity of the solvent in 
which it was soluble and then acetone or ether added till the solution was just 
turbid and allowed to crystallise. The acid was thus obtained as white crystals, 
M.P. 159°. 





Derivatives of d-galacturonic acid. 


Despite the widespread occurrence of galacturonic acid among natural 
products, little information had been published, at the time this work was 
undertaken, regarding any of its characteristic derivatives. At the suggestion 
of Dr H. W. Buston, the author commenced the study of certain derivatives of 
the acid, in order to extend the existing information in this direction. The 
appearance of a paper [1933] by Niemann e? al., in which they describe a number \ 
of hexuronic acid derivatives, rendered a continuance of the investigation 
unnecessary. It may be worth while, however, to record details of the preparation 
of the two derivatives which, in the opinion of the author, are the most useful 
for the purpose of characterising d-galacturonic acid, and which had been pre- 
pared and studied before the publication of the paper of Niemann ef al. 

(a) Cinchonine d-galacturonate. This is the most useful salt for identifying 
galacturonic acid, when it occurs as a constituent of plant products. It has a 
special advantage over some other derivatives in that it may be prepared 
directly from the barium salt of galacturonic acid, thereby rendering it un- 
necessary to obtain the acid in the free solid condition. 

Of the methods of preparation tried, the following gave the most satisfactory 
results. 1 g. of dry barium galacturonate is suspended in 100 cc. absolute alcohol 


and 1-3 g. cinchonine sulphate (slightly less than the calculated quantity) 
dissolved in alcohol are added. The mixture is then mechanically shaken for ’ 
4-5 hours, warmed at 40—50° for an hour and filtered when the solution is still 
warm, to remove the precipitate of barium sulphate and any unchanged barium 
galacturonate. The precipitate is then washed once or twice with warm alcohol. 
The mixed filtrate is evaporated almost to dryness in vacuo at 50°, when cin- 
chonine galacturonate readily crystallises out. It is triturated two or three 
times with small quantities of absolute alcohol to remove any unchanged 
cinchonine sulphate. Recrystallisation is best effected by dissolving the salt in t 
the minimum quantity of hot alcohol, filtering and adding excess of ether or 
acetone until a distinct turbidity appears. The solution is then made clear again 
by gentle warming and allowed to crystallise in a refrigerator. The salt crystallises 
out in rosettes of tiny white needles in a few hours. 

Properties. The salt melts at 173° (with decomposition)!. (Found: C, 61-4; 
H, 6-7; N, 5-7 %. C,H,,0,, C,,H..N.O requires C, 61-4; H, 6-6; N, 5-7 %.) 

It is very sparingly soluble in cold, but dissolves readily in warm alcohol. yi 
It is quite insoluble in other organic solvents such as benzene, chloroform, and 
ether. 

(b) Phenylhydrazone of phenylhydrazine d-galacturonate. Ehrlich was unable 
to prepare any phenylhydrazine derivatives from d-galacturonic acid, probably 
for reasons to be stated later. Niemann ef al. [1933] report the preparation of a 

1 Ehrlich records two different melting-points, 156 and 178°. Also it is to be noted that his 
analysis shows a molecule of water of crystallisation in the salt. The variation of the physical 
properties of the cinchonine salts of hexuronic acids is commented upon by Niemann ef al. [1933]. 
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number of derivatives of phenylhydrazine, including the phenylhydrazone of 
phenylhydrazine d-galacturonate. This, in the experience of the author, is an 
extremely characteristic derivative; its preparation, however, necessitates the 
isolation of the acid in a free solid state and hence it is a less convenient substance 
to prepare than the cinchonine salt. 

Niemann ef al. report a 60 °% yield of the derivative. By the following method 
the yield exceeds 90 %. A 5% aqueous solution of the acid is treated with 
excess of phenylhydrazine acetate (1 g. acid, 1-2 g. phenylhydrazine, 1 g. 50 % 
acetic acid) and warmed at 40-50° for not more than 5 minutes. On cooling, 
the phenylhydrazone of phenylhydrazine galacturonate crystallises in rosettes 
of very flat elongated prisms of a pale yellow colour. More prolonged heating 
decomposes the derivative, with the production of brown oily substances; 
probably this explains the failure of Ehrlich to obtain any phenylhydrazine 
compounds from the acid. It is best recrystallised by suspending in boiling 
chloroform and adding hot methyl alcohol drop by drop until the solid almost 
dissolves. The solution is filtered and allowed to crystallise. The m.p. 131° 
(uncorr.) with decomposition was in agreement with that of Niemann e¢ al. 
(Found: C, 55-2; H, 6-1; N, 14:2 % (Schoeller). C,,H,.0;N,, H,O requires 
C, 55-1; H, 6-2; N, 14:3 %.) 
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A SURPRISING difference between the absorption spectrum of cod-liver oil itself 
and that of the mixed fatty acids derived from it has been recorded by Heilbron 
and Morton and their co-workers. Cod-liver oil itself [Morton and Heilbron, 
1928] was found to have relatively low absorption (£} ., = 1-2 for a good oil) in 
the ultra-violet, characterised by the broad unbroken band of vitamin A at 
3280 A. The mixed acids and unsaponifiable matter, on the other hand [Gillam 


et al., 1931], as obtained by acidification and ether extraction of the hydrolysate, [ 
had so intense an absorption (#} /. at 2700 A. = 250, at 2300 A. = 190) as to 
obscure the presence of the admixed vitamin A. The absorption moreover was 
characterised by fine structure showing not only a band at 2300 A., which these 
workers state is shown by a wide range of unsaturated substances, but also no 
less than 9 narrow absorption bands at 3920, 3750, 3500, 3300, 3160, 3020, 2810, 
2700 and 2590 A. Since the re-esterification of the acids with methyl alcohol 
or glycerol did not lead to a reversion to the weak absorption shown by the 
original oil, the change was obviously irreversible, and it was suggested, as the { 


simplest explanation in consonance with all the facts then observed, that under 
the conditions of hydroly sis a substance (or substances) accompanying vitamin A 
gives rise to acid decomposition products which display intense selective ab- 
sorption. 

In connection with joint work with the National Institute for Research in 
Dairying we recently had occasion to carry out a spectroscopic examination on 
a sample of cod-liver oil which was to be used for feeding to cows. As a result 
of this work we have encountered a phenomenon which appears to have been 
overlooked by the Liverpool workers, and which may help to some extent in 
explaining their observations. According to our experiments the duration of 
the saponification process exerts such a profound influence upon the absorption 
spectrum of the acids as to make data obtained under uncontrolled conditions 
of saponification almost meaningless. 


EXPERIMENTAL. 
Throughout the present work a Hilger Type E 3 Quartz Spectrograph was 
used. Specially purified cyclohexane (B.D.H.) was used as solvent. 
The ultra-violet abso plion of the mixed fatty acids obtained from cod-liver oil 
by brief saponification. The oil first examined was a crude specimen as used for 
g. of this oil were saponified by heating for about 1 minute 
with 2-2 cc. of saturated aqueous KOH and 10 cc. of ethyl alcohol. (These 


veterinary purposes. 5 g. 
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proportions were used in all the saponifications described below.) The soaps 
were freed from unsaponifiable matter by extracting 3 times with ether and 
the free acids obtained by acidification with slight excess of 10 °4 H,SO, followed 
by ether extraction. On spectroscopic examination of the mixed acids an 
absorption maximum was found at 2300 A., but the value of Z} / was only 7-7. 

Since this value was only one twenty-fifth as great as that found by Gillam 
and his colleagues the possibility occurred, to us that the oil might be an abnormal! 
specimen. We therefore repeated the experiment using Engelberg’s Norwegian 
cod-liver oil, a well-known medicinal brand. £};/. at 2300 A. for the mixed acids 
was 6-25, a slightly lower value than that for the crude oil. 

Absorption of the mixed fatty acids obtained after prolonged saponification. 
The Engelberg oil, which we used in all subsequent experiments, was next 
saponified by boiling with the alcoholic KOH on a water-bath for 4} hours, the 
unsaponifiable matter then being removed by two extractions with ether and 
the free acids obtained in the usual way. £},/. 2300 A. was now found to be 
62-5, having thus increased tenfold as the result of the prolongation of the 
saponification. 

The effect of potassium hydroxide on the absorption of the mixed fatty acids. 
Since Gillam and his colleagues suggest that the high absorption observed by 
them in the mixed acids may be due to acid decomposition products, presumably 
derived from the non-saponifiable residue, our next step was to examine the 
effect of boiling with alcoholic KOH on mixed acids freed from non-saponifiable 
material. In a preliminary experiment the acids from Engelberg cod-liver oil, 
E} }. 2300 A. = 6-25, obtained in one of the experiments described above, were 
boiled with alcoholic KOH for two periods totalling 4} hours over a total 
period of 19 hours. As the result of this treatment Z},/- 2300 A. increased to 110. 


1 
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Fig. 1. Absorption spectra of mixed fatty acids from cod-liver oil. 


A. Mixed fatty acids obtained after saponification lasting 1 minute. 

B. Same acids after treatment with boiling alcoholic KOH for 15 minutes. 

C. Same acids as A, after treatment with boiling alcoholic KOH for 1 hour. 
D. 99 a a 3 a a i ss 44 hours. 
; 12 hours. 
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The experiment was repeated using a further portion of the oil. In this case 
the unsaponifiable matter obtained after 1 minute’s saponification was separated 
by 3 ether extractions and preserved for examination. The free acids were then 
redissolved in aleoholic KOH and heated on a water-bath, samples being taken 
after periods up to 12 hours. The free acids were obtained by the usual pro- 
cedure and examined spectroscopically with the following results: 


Time of heating with alcoholic KOH lmin. 15 mins. 1 hr. 4-5 hrs. 12 hrs. 


E} ,, at 2300 A. for the free acids 7-6 12 22 39 72 


The absorption was again greatly increased as the result of heating with the 
alkali. Moreover in the case of the acids treated for 4-5 and 12 hours discon- 
tinuity in the bands was evident, suggesting the presence of fine structure 
formation. The shapes of the absorption curves obtained are roughly indicated 
in Fig. 1. 

The effect of potassium hydroxide on the absorption of the non-saponifiable 
residue of cod-liver oil. The unsaponifiable matter obtained from the 10 g. of oil 
used in the above experiment amounted to about 130 mg. It was divided into 
two equal portions. One portion was examined spectroscopically and also by 
the SbCl, reaction, without further treatment, the other was boiled for 4 hours 
with alcoholic KOH and then re-extracted before examination. The following 
results were obtained: 

N.S.R. equivalent to 5 g. C.L.O. 


Wt. of B.U. Ee at 
residue per mg. ——___—— —_ 
mg. (SbCl, test) 3280A. 2600A. 23004. 
1 min. boiling with alcoholic KOH 70 250 62 17 38 
4 hrs. boiling 66 250 69 34 55 


Definite increases of absorption at 2300 A. and 2600 A. were therefore observed, 
but the amount either after 1 minute or 4 hours would represent an altogether 
negligible contribution in attempting to account for the high absorption ob- 
served by Gillam and his colleagues in the combined acids and non-saponifiable 
residue. On the other hand the vitamin A content according to the SbCl, test, 
remained unchanged. Since, moreover, there was no loss in weight outside the 
range of experimental error as the result of boiling, it appeared probable that 
the non-saponifiable residue as a whole showed little tendency to form acid 
decomposition products under the particular treatment adopted, and no attempt 
was therefore made to isolate acidic products from the aqueous layer. 

Absorption spectra of stearic, oleic and linoleic acids. To obtain some clue 
to the type of acid taking part in the change leading to increased absorption 
we have examined the absorption spectra of crude specimens of stearic, oleic 
and linoleic acids both before and after boiling with alcoholic KOH. Results 
were as follows: 

BE}... 2300 A. after 


E, 2300 A. 4 hrs, heating with 
Initial alcoholic KOH 
Stearic acid 0-9 l 
Oleic acid 16-5 18 
Linoleic acid 9-6 38 


It will be seen that the absorption of stearic acid and oleic acid was unaffected 
by the treatment with KOH. The absorption of linoleic acid on the other hand, 
although initially lower than that of oleic acid, was increased about 4 times after 
heating with alcoholic KOH. 
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DIscussIon. 

As far as can be judged from experiments on a single typical specimen of 
cod-liver oil the above work indicates that the mixed acids obtained as the 
result of a brief saponification possess relatively low absorptive powers, but 
that on more prolonged heating with alcoholic KOH they undergo some change 
which results in much higher absorption. 

Whether this phenomenon can be regarded as a complete explanation of 
the observations of Gillam and his colleagues cannot be decided with certainty, 
since these workers have given no details of their technique in saponification. 
As evidence in favour of the existence of two separate phenomena, or over- 
lapping phenomena, it might be argued that in our experiments heating for 
12 hours with alcoholic KOH produced only about half the intensity of absorp- 
tion observed by the Liverpool workers, while fine structure was slightly less 
fully defined. Such differences might lead us to suspect that cod-liver oils differ 
fundamentally in their behaviour after saponification from specimen to specimen. 
In our opinion, however, the cause of the divergence is much more likely to be 
traceable to differences in the technique adopted for the saponification of the 
oils and the separation of the acids. 

In regard to the chemical nature of the change taking place on heating with 
alcoholic KOH our experiments on stearic, oleic and linoleic acids appear to 
indicate that the acids involved must possess two or more double bonds, since 
only in the case of linoleic acid was increased absorption observed as the result 
of this treatment. Moreover preliminary iodine value determinations, carried 
out both on linoleic acid and the mixed acids of cod-liver oil, failed to reveal! any 
significant change in the degree of unsaturation as a result of boiling. It seems 
possible, therefore, that the increased absorption may be related to an isomeric 
change among the unsaturated linkages of the more highly unsaturated acids. 

From a biological standpoint our results may be of interest in opening up 
the possibility that highly unsaturated acids may exist in vivo in two forms, 
non-absorptive and absorptive. In an extension of joint work on butter [Booth 
et al., 1933| we have already obtained evidence which suggests strongly that 
this may be the case. We hope later to examine non-absorptive and absorptive 
acids with a view to detecting changes in their chemical behaviour, particularly 
in their ability to form crystalline bromine derivatives and in their oxygen 
uptake. 

SUMMARY. 

The mixed fatty acids prepared from a typical cod-liver oil by a brief 
saponification, removal of the non-saponifiable matter by ether, acidification 
and ether extraction showed only relatively low absorption in the ultra-violet 
region without fine structure (Z}/- 2300 A. = 6-5). If however the time taken 
for the saponification were prolonged, or if the separated acids were boiled with 
a further supply of alcoholic KOH, the absorption became much more intense 
(E!"- 2300 A. after 12 hours = 72) and definite signs of fine structure became 


evident. 


Our thanks are due to Dr L. J. Harris for his valuable criticism. 
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HELMINTHOSPORIUM CY NODONTIS Marignoni was first described by Marignoni 
[1909] as occurring on dry leaves of Cynodon Dactylon Persoon, found near 
Schio in Northern Italy. The species was apparently not reported again until 
Drechsler [1923], in a monograph on the graminicolous species of Helmintho- 
sporium, refers to it in considerable detail. Cynodon Dactylon, the host plant, 
is the so-called ‘creeping dog’s-tooth grass’’ which is found on sandy shores in 
the south-west of England, the Bermuda grass of the southern United States, 
and the “‘durba” grass of India. It forms an important forage grass in many 
parts of America and India. Drechsler reports that ‘the parasite Helmintho- 
sporium cynodontis is exceedingly common throughout the south-eastern section 
of the United States where the host is everywhere present in the fields and on 
the roadsides as a noxious weed.”’ 

Helminthosporium euchlaenae Zimmermann was described by Zimmer- 
mann [1904, 1, 2] as occurring on the leaves of Huchlaena mexicana Schrad 
(= E. luxurians Dur. and Ashers. = Reana luxurians Dur.). This host plant is an 
annual grass with a habit like maize, growing to a height of 5-10 ft. or more, 
and is occasionally cultivated in the States on the Gulf of Mexico as a forage 
cereal, where it is known by the name of *‘Teosinte.” 

The strain of Helminthosporium cynodontis used in the work about to be 
described was purchased in May 1932 from the Centraalbureau voor Schimmel- 
cultures, Baarn, Holland, and was received by them in January 1929 from 
Dr Charles Drechsler of the Bureau of Plant Industry, United States Department 
of Agriculture, Washington. It is very probably the strain described by 
Drechsler | 1923] in his monograph, and isolated by him from diseased Bermuda 
grass. 

The strain of Helminthosporium euchlaenae used by us was purchased in 
May 1932 from Baarn, where it was isolated in May 1929 by Dr van Beyma thoe 
Kingma as a contamination of a culture of Pythium received by the Centraal- 
bureau voor Schimmelcultures from Sideris, Hawaii, in April 1929. 
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When these two fungi were grown on a purely synthetic medium containing 
glucose as the sole source of carbon, good growth was obtained in each case, the 
chief obvious characteristic of which is the chocolate-brown colour of the reverse 
of the mycelium. The dried mycelium on extraction with chloroform gave in 
the case of H. cynodontis a considerable quantity, and in the case of H. euchlaenae 
a smaller quantity, of a substance crystallising in bronze-coloured plates and 
having the appearance of bronze powder. This substance, which we propose to 
term cynodontin, has the empirical formula C,;H,,O, and has not previously been 
described. From its origin and general properties it was considered to be a near 
relative of helminthosporin (I) which Charles, Raistrick, Robinson and Todd 
[1933] described as a metabolic product of the plant pathogen Helminthosporium 
gramineum Rabenhorst, and the constitution of which has been settled by 
synthesis [Raistrick, Robinson and Todd, 1933]. 


HO co HO CO OH 

x \ os Leg 7 \ Ye Be / \ 
; ; YY \Me / Y Me 
| | 
J | 

\ Ze \ ae \ ye 

\4 \Z ra \ ne A 
HO CO OH HO CO OH 
(1) (II) 


Actually it was found possible to convert helminthosporin (C,;H,,0;, 4:5:8- 
trihydroxy-2-methylanthraquinone) into cynodontin (C,;H,,0O,) by means of 
manganese dioxide and sulphuric acid. The substance is not a powerful mordant 
dyestuff and hence the entering hydroxyl should be in the 1-position. Cyno- 
dontin is therefore, in all probability, 1:4:5:8-tetrahydroxy-2-methylanthra- 
quinone (II). 

The extracted mycelium from H. cynodontis afforded in addition to cyno- 
dontin, but in small relative amount, a colouring matter having the colour 
reactions of helminthosporin; this was not completely purified but its presence 
was demonstrated by conversion into triacetylhelminthosporic acid (III). The 
product from H. euchlaenae consisted of practically pure cynodontin. 


AcO CO 
ye ax we 
/ YY \ \.CO.H 


< oN fi 
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AcO CO OAc 


(III) 


EXPERIMENTAL. 


Preparation of crude pigment. 35 litres of Czapek-Dox medium of the follow- 
ing composition were made up: glucose, 50-0 g.; NaNOsz, 2-0 g.; KH,POQ,, 1-0 g.; 
KCl, 0-5 g.; MgSO,,7H,0, 0-5 g.; FeSO,,7H,O, 0-01 g.; distilled water, 1000 ce. 
350 cc. quantities of this medium were distributed in each of 100 1-litre conical 
flasks and sterilised. A measured quantity, previously determined, of sterile 
N sodium hydroxide solution was then added to each flask to bring the py of 
the medium to 8-0. Each flask was sown with a suspension, in sterile Czapek- 
Dox medium, of Helminthosporium cynodontis Marignoni (Catalogue No. Ag. 120). 
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The cultures used for inoculation had been grown for about 3 weeks on 
Czapek-Dox agar at 30°. After inoculation the flasks were incubated at 30° for 
7 weeks. At the end of this time the mycelium, which was greyish on the surface 
with a chocolate-brown reverse, was filtered off, washed carefully with cold 
water, pressed and dried in a vacuum-oven. The dried mycelium in two experi- 
ments weighed 230g. in each case. It was ground to a fine powder in a coffee- 
mill and exhaustively extracted with chloroform in a large Soxhlet apparatus, 
until the chloroform extract which, in the early stages was of a beautiful eosin- 
red colour, had become almost colourless. On cooling there separated from the 
chloroform solution (about 14 litres) in a typical experiment 7-5 g. of bronze- 
coloured plates having a melting-point of 258-260°. The chloroform mother- 
liquors were evaporated to about 250 cc. and from this there separated a second 
fraction weighing 1-25 g. and melting at 250-—255°. The filtrate from this fraction 
was evaporated to dryness, dried in vacuo, and extracted thoroughly with light 
petroleum (B.P. 40-50°) giving a third fraction which weighed 0-55 g. and melted 
at 208-218°. The light petroleum solution on evaporation yielded 47-6 g. of 
residue consisting mainly of fat together with very small amounts of pigmented 
material. The total yields of crude pigments in the two experiments referred to 
above were 9-30 and 9-74 g., while the total yields of crude fat were 47-6 and 
49-6 go. 

The aqueous metabolism solution separated by filtration from the mycelium 
and still containing about 0-4 °%% of glucose was evaporated in vacuo to a total 
volume of about 1 litre, giving a very dark-coloured turbid liquid. This was 
filtered and acidified slightly with concentrated hydrochloric acid, and four 
volumes of absolute alcohol were added to it with constant shaking. There thus 
separated a considerable quantity of gummy material, examination of which has 
shown it to be a carbohydrate. Further work on this material is in progress. 

In experiments using Helminthosporium euchlaenae Zimmermann (Catalogue 
No. Ag. 116), the cultural conditions followed, i.e. medium used, incubation 
temperature and period of incubation, were the same as those previously 
described for H. cynodontis. The method of isolating the pigment was also the 
same, but the yields obtained were somewhat different. The dried mycelium in 
two experiments weighed 247 and 264 g. respectively, and total yields of crude 
pigment of 2-36 and 5°06 g. were obtained in the form of bronze-coloured plates 
melting between 256 and 259°. The total yields of crude fat in the two experiments 
were 33-9 and 37-4 g. A considerable amount of gummy material which has 

1 to be a carbohydrate was also isolated from the evaporated aqueous 
metabolism solution by a method similar to that employed with H. cynodoniis. 


pre vet 


Products from Helminthosporium cynodontis. 


Cynodontin. Fraction I of the crude coloured material (M.P. 258—260°) from 
H. cynodontis furnished, after one recrystallisation from pyridine, pure cyno- 
dontin, M.P. 260°, unchanged by further recrystallisation. It crystallises in 
brownish leaflets with a magnificent bronze lustre. Like helminthosporin it is 
sparingly soluble in most organic solvents to give solutions which are slightly 
bluer in tone than those of the former substance. It is insoluble in cold dilute 
sodium carbonate solution but dissolves in aqueous sodium hydroxide to a deep 
blue-violet solution. Solutions in concentrated sulphuric acid are blue and have 
a fine red fluorescence. Cynodontin has practically no dyeing properties. 
(Found: C, 63-1; H, 3-4. C,,H,,O, requires C, 62-9; H, 3-5 %.) Fraction II of the 
crude material had M.p. 250-255° and consisted essentially of cynodontin. 














CYNODONTIN 1173 


Cynodontin was found to be identical in every respect with a specimen of 
1:4:5:8-tetrahydroxy-2-methylanthraquinone prepared by the oxidation of 
helminthosporin (see below). 

Tetra-acetyleynodontin. Cynodontin (0-5 g.) was acetylated by heating to 
boiling for a few minutes with acetic anhydride containing a trace of sulphuric 
acid. After pouring into water the precipitated acetate was recrystallised several 
times from glacial acetic acid, when it was obtained as a mass of bright yellow 
needles, M.P. 224-225°. (Found: C, 60-9; H, 4:1. C,3H,,0,) requires C, 60-8; 
H, 4-0 % +) 


1:4:5:8-Tetrahydroxy-2-methylanthraquinone from helminthosporin. 


Helminthosporin (2 g.) was dissolved in concentrated sulphuric acid (15 cc.), 
and finely powdered manganese dioxide (1-5 g.) added gradually with constant 
stirring, the temperature being maintained between 50 and 60°. When all had 
been added the mixture was kept at 50—60° for a further 15 minutes and then 
poured into water; the brownish-violet precipitate produced in this way became 
reddish-brown (hydrolysis) on boiling for a short time with water. The product 
after recrystallisation from pyridine still contained unchanged starting material. 
Accordingly it was acetylated with acetic anhydride containing a trace of 
sulphuric acid in the usual manner and the acetate purified. After four re- 
crystallisations from glacial acetic acid the melting-point of the acetate became 
constant at 224—225° (mixed M.P. with helminthosporin acetate, of M.p. 223-—224°, 
ca. 194°). The purified acetate (0-6 g.) was warmed on the water-bath with 15 % 
sodium hydroxide solution (30 cc.) during 2 hours when it dissolved slowly to a 
deep blue-violet solution. After acidifying with hydrochloric acid and boiling 
for a few minutes to coagulate the precipitate, the latter was collected and 
recrystallised from pyridine. It separated as brownish leaflets with a fine bronze 
lustre, M.P. 260°. (Found: C, 63-1; H, 3-5. C,,H,,O, requires C, 62-9; H, 3-5 % .) 
This material showed all the properties of cynodontin and a mixed m.P. with the 
latter substance showed no depression. 

That this product is indeed 1:4:5:8-tetrahydroxy-2-methylanthraquinone is 
clear from the evidence already mentioned and also for the following reasons. 
The new hydroxyl group cannot occupy a f-position in the anthraquinone 
nucleus, as the oxidation product is insoluble in cold sodium carbonate solution 
and is not a derivative of alizarin, being an exceedingly feeble dyestuff. 

In its colour reactions the oxidation product closely resembles 1:4:5:8- 
tetrahydroxyanthraquinone as described by Fischer and Ziegler [1912]. 

2-Methyl-1: 4:5: 8-tetra-acetoxyanthraquinone. The purified acetate obtained 
from the crude oxidation product of helminthosporin had m.p. 224—225° and 
crystallised in bright yellow needles. The same product was obtained by acetyl- 
ating pure 2-methyl-1:4:5:8-tetrahydroxyanthraquinone with acetic anhydride 
and a trace of sulphuric acid. (Found: C, 60-7; H, 4-2. C,,H,,0,) requires C, 
60-8; H, 4-0 % .) 

This acetate was identical in appearance with cynodontin acetate and the 
mixed M.P. with the latter substance showed no depression. 


Examination of fraction III of crude material from H. cynodontis. 
Fraction III (0-55 g.), which was obtained by evaporation of the chloroform 
mother-liquors after removal of fraction II, had an indefinite M.p. 208-218°. It 
appeared slightly lighter in colour than the earlier fractions and the colours of 
its solutions in concentrated sulphuric acid, sodium hydroxide and in organic 
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solvents were intermediate between those shown by 
oe Indeed, it was possible to simulate the colours produced by fraction 
III by adding to solutions of cynodontin small amounts of helminthosporin. 

Several atte mpts were made to isolate pure helminthosporin from fraction ITI 
by fractionation with various organic solvents, but with little success. Fractional 
crystallisation from acetic acid of the material obtained on acetylation was also 
tried and would doubtless have succeeded had larger quantities of material 
been available; thus the more soluble fractions yielded after repeated treatment 
a product whose reactions were more like those of helminthosporin acetate than 
ceynodontin acetate. Its solution in sulphuric acid was reddish-violet in colour 
(still bluer than pure helminthosporin solutions) with the pronounced fluores- 
cence characteristic of helminthosporin; the M.P. of this material was 210-215 
but this was not depressed on mixing with a small quantity of helminthosporin 
acetate (M.P. 223-—224°). 

Confirmation of the view that fraction III contained helminthosporin was 
obtained in the following way. The original mixture (0-2 g.) was acetylated in 
the usual manner, the crude acetate dissolved in a mixture of acetic anhydride 
(4 ce.) and acetic acid (4 cc.) and oxidised at 90-100° by means of chromic 
anhydride (0-4 g.) in acetic acid (4 cc.). When the yellow precipitate obtained on 
diluting the reaction mixture with water was agitated with cold dilute sodium 
carbonate solution, a portion dissolved to a reddish-violet solution leaving 
behind unchanged cynodontin acetate (it had previously been ascertained that 
cynodontin acetate was practically unaffected by chromic anhydride under the 
conditions here employed). After filtering _ acidifying the clear solution the 
reddish precipitate (30 mg.) was collected, re-acetylated by means of acetic 
anhydride containing a trace of sulphuric ak and recrysté llised several times 
from acetic acid. In this way a small quantity of mate rial was obtained which 
showed all the properties of triacetylhelminthosporic acid (III). The m.P. of this 
product was low (230-—232°) and owing to the very small quantity available 
further purification was impossible. The mixed M.P.with triacetylhelminthosporic 
acid (M.P. 235°) was 234°, leaving no room for doubt as to its identity. 

From the evidence available it seems reasonable to conclude that helmintho- 
sporin is a constituent of the coloured products of H. cynodontis, although the 
amount present is very small indeed. 


Products from Helminthosporium euchlaenae, 


The coloured metabolic product proved to be almost homogeneous and 
yielded on recrystallisation pure cynodontin, M.P. 260°. (Found: C, 62-8; 
H, 3-8. C,;H,,O, requires C, 62-9; H, 3-5 %.) Its identity was confirmed by 
direct comparison with an authentic specimen of cynodontin; the appearance, 
colour reactions, M.P. and mixed m.P. of the specimens were identical as also 
were those of their acetates (M.P. and mixed M.P. 224—225°). 


—-Lao 


SUMMARY. 


The mycelium of Helminthosporium cynodontis Marignoni and of Helmin- 
thosporium euchlaenae Zimmermann, when grown on a synthetic culture medium 
containing glucose as the sole source of carbon, has been shown to contain a 
hitherto undescribed, crystalline colouring matter, which has been called 
cynodontin. Cynodontin has been shown to be 1:4:5:8-tetrahydroxy-2-methyl- 
anthraquinone and is thus 1-hydroxyhelminthosporin. Helminthosporin, which 
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has recently been shown to be present in considerable amounts in the mycelium 
of the plant pathogen Helminthosporium gramineum Rabenhorst, is also present 
in very small amounts in the mycelium of Helminthosporium cynodontis, but is 
absent from Helminthosporium euchlaenae. 
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PART I. ERGOSTERYL PALMITATE. 
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[x the course of the studies reported in Part XXIV of this series [Clutterbuck 
et al., 1932] considerable amounts of mycelia from the growth on synthetic media 
of 15 species and strains in the P. brevi-compactum series were accumulated, and 
in view of the close biochemical relationship of 14 of these organisms as regards 


their water-soluble metabolic products (see Part X XIV) it became a matter of 


some interest to investigate their mycelial constituents in order to discover 


whether this biochemical relationship is of even wider scope. The mycelium of 


the type species P. brevi-compactum Dierckx (Cat. No. P75) was first investigated, 
the method being to extract the dried and powdered mycelium with a succession 
of solvents, viz. light petroleum followed by ether, then by acetone and finally 
by methyl alcohol. This paper is concerned only with the mycelial fat, 7.e. the 
material extracted from the mycelium by hot light petroleum, B.P. 50-60°. 

It was noticed that a considerable part of the mycelial fat from this species 
was not soluble in cold absolute alcohol, the insoluble constituent giving all the 
colour reactions of ergosterol. This insoluble substance, which was much more 
sparingly soluble in most organic solvents than ergosterol itself, had M.P. 
106-108° ; [«]=\,, — 67°, [a 52° when pure, and could not be made to yield 
a benzoyl or an acetyl derivative. Its carbon and hydrogen content and mole- 
cular weight corresponded to an empirical formula of the order of C,,H,,0, and 
the substance was evidently an ergosteryl ester. When hydrolysed by alcoholic 
potash it yielded ergosterol and a fatty acid identified as palmitic acid, and was 
therefore clearly ergosteryl palmitate, C,,H,,O0, , a substance which had previously 
been prepared synthetically by Windaus and Rygh [1928] by heating ergosterol 
and palmitic acid in vacuo at 190°. The physical constants quoted by these 
authors, viz. M.P. 107—108°, [«]}>, 5... —51° are in good agreement with those of 
the mould product quoted above. 

The same substance, or at any rate a substance melting at about 100° whose 
melting-point was not depressed on admixture with the product from P. brevi- 
compactum (P 75), was obtained from the mycelium of each of the 14 remaining 
species and strains of the P. brevi-compactum series investigated, with the 
solitary exception of P. stoloniferum Thom (Ad 89). The yield of recrystallised 
ergosteryl palmitate was usually of the order of 0-02 % of the dry weight of 
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mycelium but in one solitary instance, viz. P. aurantio-grisewm Dierckx var. 
Poznaniensis Zaleski, the yield of purified ester was as high as 0-5 °% and corre- 
sponded to 0-06 % of the glucose metabolised in the experiment during which 
the mycelium was formed. This ester also yielded ergosterol and palmitic acid 
on hydrolysis. 

It is worthy of note that this appears to be the first recorded instance of 
the isolation of an ergostery] ester in a pure state from a natural source, although 
the results of Smedley-MacLean and Thomas [1920], recorded some 13 years ago, 
indicated clearly that a large proportion of the ergosterol in yeast-fat was present 
in the form of esters. King et al. [1929] showed that the cholesterol esters 
extracted from a mummified brain 14 centuries old were undoubtedly admixed 
with ergosterol esters. Pruess et al. [1931] estimated the total sterol content of 
the mycelia of a number of moulds and showed that while most of the alcohol- 
soluble sterol was present in the free state in the extract, a definite, and in some 
cases a considerable, proportion of the total sterol in the mycelium was in a form 
which was not extracted by alcohol, but which yielded an alcohol-soluble sterol 
on hydrolysis by alcoholic potash. These authors concluded that this latter 
sterol is probably present in a conjugated form. Birkinshaw ef al. [1931] found 
that a considerable fraction of the crude sterol obtained from the mycelium of 
P. puberulum Bainier grown on a synthetic medium containing glucose as the 
sole source of carbon could not be precipitated by digitonin, although the reaction 
with CCl,CO,H was strongly positive, and concluded that this fraction contained 
ergosterol largely as ester. 

It appeared unlikely therefore that ergosteryl palmitate would prove to be a 
mycelial constituent specific for the P. brevi-compactum series, and it has, in 
fact, been isolated in relatively good yield (0-4 °%) from the mycelium of P. 
italicum Wehmer grown on liquid Czapek-Dox medium at 30°. The yield of this 
ester from the mycelium of P. aurantio-griseum Dierckx var. Poznaniensis 
Zaleski (Cat. No. P 69) would, however, appear to be exceptionally high (the 
greater part of the sterol in the mycelium being present as palmitate) and it may 
be significant that although this organism is morphologically definitely a member 
of the P. brevi-compactum series [see Clutterbuck et al., 1932, p. 1443], yet 
biochemically it has no affinities with the other members of this group, since, 
unlike them, it yields no trace of mycophenolic acid or of any of the other 
phenolic acids, C,gH,)0;, CypH 0, CypH yO, and 3:5-dihydroxyphthalic acid 
when grown on Raulin-Thom medium [see Clutterbuck et al., 1932, p. 1446]. 


EXPERIMENTAL. 


The sources of the organisms employed are given in Part XXIV [Clutter- 
buck ef al., 1932, p. 1443]. Each was grown on Raulin-Thom medium containing 
both glucose and tartaric acid as sources of carbon, and ammonium tartrate, 
phosphate and sulphate as sources of nitrogen. The temperature of incubation 
was 24° and the period of incubation was 20-30 days, the experiment being 
concluded when all the sugar in the medium had been utilised. The mycelium 
was filtered off, washed, pressed and dried in a vacuum-oven. The mycelium 
was ground to a fine powder in a coffee-mill and extracted. 

Isolation of ergosteryl palmitate from the dried mycelium. The usual procedure 
was to extract 50 g. of powdered mycelium with light petroleum (B.P. 50-60") 
for 2 working days (15 hours) in an all-glass Soxhlet apparatus. The extract, 
filtered from a little mycophenolic acid if necessary, was evaporated to small 
volume and the remaining solvent removed in vacuo. The residual yellow fat 
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was usually of a fairly hard consistency, but the mycelium of P. aurantio- 
griseum Dierckx var. Poznaniensis Zaleski (Cat. No. P 69) yielded a very dark 
coloured and much more fluid fat. Cold absolute alcohol (20 cc. per g. of crude 
fat) was added and the flask shaken until no fat particles remained adhering to 
the walls of the flask. The insoluble residue was filtered off, washed twice with 
alcohol, dried in air and recrystallised from the minimum volume of boiling 
acetone, about 40 cc. being required for each 0-1 g. of residue. The results for the 
various mould mycelia are summarised in Table I, the yields in each experiment 


Table I. 
Ergosteryl palmitate (once 
crystallised from acetone) 
Weight — — SS eee, 
of dried Yield 


Catalogue Species [see Clutterbuck mycelium Yield oY of 
No. et al., 1932, p. 1443 g. ing. mycelium M.pP. and remarks 
> 75 P. brevi-compactum Dierckx 276 0-25 0-1 102-104° (a), (b) 
M 3(] Unnamed. Isolated in 1931 386 Trace . 100—L02° (a), (b) 
from mouldy Italian maize 
M 3 (3) Unnamed. Isolated in 1931 285 Trace - 100—102° (a), (b), (c) 
from mouldy Italian maize 
M 3 (4) Unnamed. Isolated in 1931 388 Trace (a) 
from mouldy Italian maize 
P 151 P. scabrum Biourge 243 (fat con- Trace - 92-96° (a) 
tent 0-6 %) 
All P. brevi compactum Dierckx. 419 Trace 94—-100° (a), (c) 
Isolated from cotton 
S 30 Unnamed. Isolated from soil 293 0-06 0-02 100—103° (a), (6), (c) 
P 84 P. Hagemi Zaleski 150 0-09 0-02 97-102° (a), (b), (c) 
P 99 P.. Szaferi Zaleski 446 0-05 0-01 102—104° (a), (b), (ce) 
D8 Unnamed. Plate contaminant 32 0-13 0-03 98-—103° (a), (6), (c) 
P 90 P. patris-mei Zaleski 334 0-17 0-05 102—104° (a), (b), (c) 
P 37 P. griseo-brunne um Dierckx 524 0-23 0-04 96—100° (a), (b), (c) 
Ad 89 P. stoloniferum Thom 547 None. Fat completely 
soluble in alcohol 
Ad 87 P. Biourgeanum Zaleski 363 0-06 0-02 98-101° (a), (b), (c) 
P 69 P. aurantio-griseum Dierckx, 229 (d) (fat 1-14 0-50 102—-105° (a), (b), (c) 
var. Poznaniensis Zaleski content, 8 °%) 
Ad 85 P. italicum Wehmer. Isolated 195 (e) (fat 0-80 0-41 102—104° (a), (b), (c) 


from a mouldy orange in 1926 content, 5 °/) 
: 0 


(a) Gives positive reaction with Callow-Rosenheim reagent (mercuric acetate in nitric acid). 
(b) Gives positive Tortelli-Jaffé reaction (specific reaction for ergosterol and its esters). 

(c) Mixed M.Pp. with ergosteryl palmitate from P 75 showed no depression. 

(d) The mycelium contained less than 0-1 % of free sterol precipitated by digitonin. 

e) Grown on Czapek-Dox medium and incubated at 30° for 37 days. 


being calculated on the basis of the total mycelium from 90 flasks, 7.e. from the 
metabolism of about 1575 g. glucose. The fat content of each mycelium was 


9 9° : 


2-3 °/ unless otherwise stated. 
Investigation of the ergosteryl ester from the mycelium 
of P. brevi-compactum Dierckx (Cat. No. P 74). 


The crude alcohol-insoluble product from about 2-5 kg. of ground mycelium 
(2-5 g.; M.P. 90-100°) was crystallised first from light petroleum (B.P. 60-80 
40) cc.) then from acetone, and the purified product so obtained (0-5 g., M.P. 
102—107°) was dissolved in hot benzene (30 cc.) and boiling acetone added until 
a turbidity appeared. The substance crystallised from the last-named mixture 
in colourless plates, M.p. 106—108° (0-4 g.). The melt became yellow at 150-160°, 
but solidified on cooling and remelted at 105-107°. The melting-point was not 
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altered by a further crystallisation from alcohol. The ester crystallised unchanged 
from 1 % alcoholic digitonin solution. It was also recovered unchanged when 
attempts were made to benzoylate it with benzoyl chloride in pyridine at 60-80 
or to acetylate it by boiling with acetic anhydride. 

Micro-analysis Pee C, 83-11, 83-20; H, 11-71, 11-63%. C,,H,,0, 
re quires C; 83- 20; ta, 11-76%. 
|; ; [x]:,, — 52°. (0-0968 g. in chloroform (25 cc.) at 20° in a 2 dm. 
tube.) The dhloroform solution turned yellow on standing for a day. 

Molecular weight by hydrolysis. 0- 4606 g. was boiled for 14 hours with N/10 
ethyl alcoholic potash (60 ce.) when it was found that a nett amount of 7-18 cc. 
N/10 alkali had been neutralised, corresponding to a molecular weight of 642 
(C,,H,,0, requires mol. wt., 635). Ergosterol (m.p. 151-155°) was precipitated 
by adding much water to the strongly alkaline solution. 

Isolation of ergosterol and palmitic acid by hydrolysis. 0-31 g. (m.p. 99-102°) 
was hydrolysed as above and the alcohol removed in vacuo. Water (50 cc.) and 
2N NaOH (10 cc.) were then added, and the solution was extracted 3 times with 
much chloroform. The chloroform extract was dried over anhydrous sodium 
sulphate and evaporated, the solid residue being crystallised from alcohol to 
yield ergosterol (0-05 g.), M.p. 152-156°. The alkaline aqueous layer from which 
the chloroform had been se parated was acidified with dilute sulphuric acid and 
extracted with light petroleum (B.P. 40-50°). The extract was dried over an- 
hydrous sodium sulphate, evaporated and the residue crystallised from aqueous 
alcohol to yield a fatty acid (0-07 g.) melting at 53-57°. A further crystallisation 
from aqueous alcohol raised the m.P. to 55-59°. The mixed m.P. with an authentic 
specimen of palmitic acid (M.p. 62-63°) was 56-61° 

Micro-analysis (Schoeller): C, 74-83; H, 12-43 %. CygH3.0. eg C, 74-91; 


2-77 


H, 12-60 %; stearic acid (M.P. 69°), C,,H3,0, requires C, 75-98; H, 12-77 %. 





Investigation of the ergosteryl ester from the mycelium of P. aurantio-griseum 
Dierckx var. Poznaniensis Zaleski (Cat. No. P 69). 


The crude alcohol-insoluble product required less purification than the 
corresponding product from P75. 1-1 g. was crystallised first from acetone 
(400 cc.) and then from alcohol (150 ce.). It formed shining plates, M.p. 103—106° 
(0-7 g.). 

Formation of ergosterol and palmitic acid by hydrolysis. The above substance 
(0-66 g.) was hydrolysed by boiling NV/10 alcoholic potash in the usual way, the 
alcohol removed, water and 10 cc. 2N NaOH added to the residue, which was 
then extracted 3 times with much chloroform. The product obtained by evapora- 
tion of the dried chloroform extract was crystallised once from alcohol to yield 
almost pure ergosterol (0-19 g.), M.p. 158—160°; [oan — 160°; [a]: 
Pure hydrated ergosterol has m.P. 160—163°, [«]?!,, — 167-2° [Callow, 1931]. 

The alkaline aqueous layer from which the chloroform layer had been partially 
separated was centrifuged until almost complete separation into two layers had 
taken place. The upper aqueous layer was then acidified with dilute sulphuric 
acid and the precipitated palmitic acid collected, well washed and dried (0-16 g. ; 
M.P. 56-5-59°). 

0-0893 g. in 25 ce. alcohol required 13-95 cc. N/40 NaOH for neutralisation to 
phenolphthalein, corresponding to an equivalent of 256. C,,H3:0, (palmitic acid) 
has an equivalent of 256. The acid recovered from the above titration after 
crystallisation from aqueous alcohol had m.p. 57-61°. Found: C, 75-08; 
H, 12-58 %. C,,H3.0, requires C, 74-91; H, 12-60 % 


133". 
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A part of the crude acid (m.P. 56-5-59°, see above) was crystallised twice 
from light petroleum to yield a minute amount of colourless flakes, M.P. 61-62°. 
Mixed with authentic palmitic acid (M.P. 62—63°), the M.P. was 61-62°. 
















SUMMARY. 


Ergosteryl palmitate has been isolated from the mycelia of 14 out of 15 species i 
and strains in the P. brevi-compactum Dierckx series investigated, and also 
from the mycelium of P. italicwm Wehmer, all the moulds having been grown on 
synthetic media. The mycelium of P. awrantio-griseum Dierckx var. Poznaniensis 
Zaleski, grown on Raulin-Thom medium and incubated at 24° for 30 days, 


contains as much as 0-5 & of this ester. 


REFERENCES. 


Birkinshaw, Callow and Fischmann (1931). Biochem. J. 25, 1977. 

Callow (1931). Biochem. J. 25, 79. 

Clutterbuck, Oxford, Raistrick and Smith (1932). Biochem. J. 26, 1441. 

King, Rosenheim and Webster (1929). Biochem. J. 23, 166. 

Pruess, Peterson, Steenbock and Fred (1931). J. Biol. Chem. 90, 369. 
Smedley-MacLean and Thomas (1920). Biochem. J. 14, 483. 

Windaus and Ry oh (1928). Nachr. Ges. Wiss. Gottingen, Math.-physik. Klasse, 202. 











CLIX. THE OXIDATION OF SULPHYDRYL 
COMPOUNDS BY HYDROGEN PEROXIDE. 


II. CATALYSIS OF OXIDATION OF CYSTEINE BY 
THIOCARBAMIDES AND THIOLGLYOXALINES. 


By NORMAN WINGATE PIRIE., 


From the Biochemical Laboratory, Cambridge. 
(Received July 3rd, 1933.) 


TuE first paper of this series [Pirie, 1931] dealt with the copper- and iron- 
catalysed oxidation of cysteine and glutathione by hydrogen peroxide in acid 
solution. It was shown that the corresponding disulphides were formed. Certain 
differences were observed between the kinetics of the copper-catalysed and the 
iron-catalysed reactions and no other metal of those tried was found to catalyse 
this type of oxidation. In the first paper brief mention was made of the fact that 
this action is catalysed by thiocarbamide: the present paper will be devoted to 
a study of this kind of catalysis and of the similar catalysis by chemically related 
substances. 
EXPERIMENTAL. 


The same polarimetric technique has been used in these experiments as in 
the series already published and the reagents, 1-0 % cysteine hydrochloride 
and 0-4 V hydrogen peroxide, were prepared in the same way. 

Catalysis by thivcarbamide. “* Metal-free”’ thiocarbamide can readily be pre- 
pared by crystallisation from dilute hydrochloric acid. 

The kinetics of the thiocarbamide-catalysed oxidation resemble closely those 
of the copper-catalysed oxidation; the rate of oxidation, for example, is pro- 
portional to the concentrations of thiocarbamide and hydrogen peroxide but 
independent of that of cysteine hydrochloride. Curves illustrating these rela- 
tions are given in Fig. 1. 

In the paper already referred to it was shown that the iron-catalysed oxida- 
tion was inhibited by phosphate and pyrophosphate and the copper-catalysed 
oxidation, at py, 4:6, by cyanide. These reagents have no effect on the thio- 
carbamide-catalysed oxidation; it seems therefore that this is not due to traces 
of metal impurity. Two further lines of argument are still more convincing. 
Firstly, the catalytic power is unaffected by repeated recrystallisation of the 
thiocarbamide; secondly, the residue obtained after incinerating 10-100 mg. of 
thiocarbamide with sulphuric acid, by the method already described [ Pirie, 
1931], is without catalytic activity. Curves 2 and 3 in Fig. 1 show that thio- 
carbamide has about the same catalytic power as 1/340 of its weight of copper. 

T have been unable to demonstrate any effect of thiocarbamide on the aerobic 
oxidation of either cysteine or methylene blue at p, 7-6. A few experiments 
have been carried out, with hydrogen peroxide, using glutathione instead of 
cysteine. In all respects these were analogous and the ratio of copper activity 
to thiocarbamide activity was once again 340. 
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There are two distinct products of the oxidation of thiocarbamide by 
hydrogen peroxide. Barnett [1910] prepared imino-aminomethanesulphinic 
acid, NH:(NH,)CSO,H, by oxidation in neutral solution, while Werner [1912] 
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Minutes 
Fig. 1. Volume made up to 5 cc. in each case. Temperature 19°, py 2-1. 
l. lee. 1°, cysteine-HCl; 0-56 mg. thiocarbamide; 1 cc. 0-4 V H,O,. 
2. is 0-28 mg. thiocarbamide; 
3. i 0-0005 mg. Cu = i 
4. . 0-28 mg. thiocarbamide; 0-5 cc. 0-4 NV H,O,. 
5. 0-5 ec. 1 ©, eysteine-HCl; as 1 cc. 0-4 V H,O,. 
6. lec. 1 %4 eysteine-HCl; no catalyst; a 


obtained salts of dithioformamidine, NH :(NH,).CS.SC.(NH,):NH, by oxida- 
tion in acid solution. The former has no catalytic power whereas the latter is 
both a catalyst and an oxidising agent. 

Oxidation by dithioformamidine. Dithioformamidine dihydrochloride is 
readily prepared, following Werner’s [1912] method, by the dropwise addition 
of twice the theoretical amount of sulphuryl chloride to a solution of thio- 
carbamide in alcohol. When washed with alcohol and ether and dried it seems 
to be stable indefinitely. The yield is 80 °% of the theoretical. 

In Fig. 2 the effect of adding the same amount of cysteine hydrochloride to 
varying amounts of dithioformamidine is illustrated. It is obvious that two 
distinct reactions can occur. The first is 

2COOH .(NH,)CH.CH,.SH, HCl +(NH:(NH,)CS),, 2HC! 

(COOH.(NH,)CH.CH,.S), + 2(NH,),CS +4HCl A 


while the second is most probably 


COOH.(NH,)CH.CH,.SH, HCl +(NH:(NH,)CS),, 2HCl+H,O 
COOH .(NH,)CH.CH,.S(OH) +2(NH,),CS +3HCI B 


To get clear-cut results it is essential to add the cysteine, with vigorous shaking, 
to the dithioformamidine; if the procedure is reversed some of the cysteine gets 
oxidised to cystine and this cannot be further oxidised at any appreciable rate. 
The product of reaction B, on the other hand, is almost instantly reduced to 
cystine by cysteine; this can easily be demonstrated by mixing half the quantity 
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of cysteine that was used in the experiments illustrated in Fig. 2 with one 
molecule of dithioformamidine, the other half of the cysteine is now added and, 
although reaction B takes place initially, the rotation is found to be 6-6°, i.e. 
the value corresponding to cystine. On standing for a few hours crystals of 
cystine separate from the reaction mixture. The cross in Fig. 2 represents the 


Degrees of laevorotation 





0 I ) 3 


Molecules of dithioformamidine dihydrochloride for each 
2 mols. of cysteine hydrochloride 


Fig. 2. 5 ce. of 3-12 % (M5) cysteine hydrochloride solution and the appropriate amount of 
dithioformamidine dihydrochloride solution used for each point. Volume made up to 10 ce. 
in each case. 


rotation reached immediately when the usual quantity of cysteine hydrochloride 
is added to a molecule of dithioformamidine and the other molecule is added 
after 30 seconds. After several hours the rotation falls to the normal value for 
reaction B whereas the initial value is that for reaction A. 

Similar results are obtained by use of the Folin and Marenzi [1929] method 
of cystine estimation. In this method sodium sulphite in alkaline solution is 
used to reduce the cystine to cysteine before the addition of the Folin uric acid 
reagent. Mirsky and Anson [1930] have pointed out that only half of the cystine 
is reduced under these conditions and Clarke [1932] has shown that the other 
half combines with the sulphite to form a cysteinesulphonate 


COOH.(NH,)CH.CH,.S.SO,Na. 


It is interesting to note therefore that under these conditions no cysteine is 
formed from the product of reaction B. This compound, however, in the absence 
of sulphite, is very unstable in alkaline solution and reacts almost instantly to 
give a body that is estimated as cystine by the Folin-Marenzi technique!. It 
seems therefore that the product of reaction B, apparently the sulphenic acid 
corresponding with cysteine, is stable only in acid solution whereas the complex 
obtained on the addition of sulphite is fairly stable in alkaline solution. This 


1 This method was used on account of its great convenience although it has frequently been 
shown to be by no means specific. I have, in fact, isolated from deaminated caseinogen [Dunn 
and Lewis, 1921] a sulphur-free compound, apparently a tyrosine derivative, which gives as much 
colour with the reagent as the same weight of cystine. This substance presumably accounts for 
the large amount of “cystine” found by Steudel and Schumann [1929] in deaminated caseinogen. 
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complex may be identical with that studied by Clarke. The preparation and 
properties of the sulphenic acid and of its alkaline decomposition products will 
be described fully in a later paper. 

l ce. of M/156 cysteine hydrochloride solution is added to each of seven 
flasks; these contain 0, 0-5, 0-7, 0-9, 1-0, 1-1 and 1-3 ce. of M/156 dithioformami- 
dine dihydrochloride solution. The Folin-Marenzi reagents are now added, the 
sulphite being added first. The first flask gives twice as intense a colour as the 
second, the third and fourth are fainter while the fifth is very faint and the 
sixth and seventh give no more colour, at first, than the control. The sixth and 
seventh tend to darken on standing. If a large excess of dithioformamidine is 
added more colour develops and also a turbidity, due to the alkaline breakdown 
of the disulphide. 

The evidence, both polarimetric and colorimetric, points therefore to a 
reaction of the type of B with the sulphenic acid as the most likely product. 
This compound has so far only been isolated in a crude form but it shows the 
expected properties. 

Glutathione, like cysteine, reacts with dithioformamidine to give a product 
with a smaller rotation than oxidised glutathione. 

Catalysis by compounds related to thiocarbamide. A number of compounds 
more or less closely related to thiocarbamide have been tried as catalysts for 
the oxidation of cysteine by hydrogen peroxide. These are listed in Table I. 


Table I. 


Catalytic 


Substance Method of preparation activity 
Thiocarbamide 147+7 
N-Allylthiocarbamide — 125 
N-Phenylthiocarbamide 121 
Ergothioneine Pirie [1933 126 
dl-2-Thiolhistidine Harington and Overhoff [1933] 27 
2-Thiolglyoxaline Marckwald [1892] 122 
Ethylenethiocarbamide Ruiz and Libenson [1930] 75 
N-Phenyl-2-thiolglyoxaline Wohl and Marckwald [1889] 60 
NN-Methy Ipheny Ithiocarbamide Gebhardt [1884, 1] 57 
N-Ethyl-N’-phenylthiocarbamide Weith [1875 54 
NN -Diethyl-N’-allylthiocarbamide Gebhardt [1884, 2 6-3 
2-Thio-4-methylhydantoin Johnson [1912] 10 
N-Acetylthiocarbamide Werner [1916 3 
S-Methyl pseudo thiocarbamide Tay lor [1917] 0 
Diacetyl (pseudo?) thiocarbamide Werner [1916] 0 
2-Thio-3-acetyl-4-methylhydantoin Johnson [1912 0 
Thiobenzamide Gabriel and Heymann [1890] 0 


Iso many other compounds such as methionine, S-ethylcysteine, ascorbic acid and urea are 


inactive. 


The preparation of these compounds calls for little comment; in all cases the 
reactions described by the authors quoted were found to proceed smoothly and 
the substances were readily obtained pure. The pure substances were recrystal- 
lised from water or dilute alcohol, to which a little hydrochloric acid had been 
added, and were filtered off on an acid-washed glass funnel. Those substances 
which were catalytically active were carefully tested for metal impurity. The 
sample of dl-2-thiolhistidine used was given to me by Prof. C. R. Harington; it 
proved to be already free from catalytically active metals. 

The figure in the third column of Table I is a measure of the catalytic 


power of each substance. Under the usual conditions, i.e. 1 ec. of 1% cysteine 


f 
| 
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hydrochloride and 1 cc. of 0-4. N hydrogen peroxide made up to 5cc., and 
measured in a 2 dm. tube, it is given by the expression 


Rate of change of observed rotation in degrees per hour 
Weight of catalyst in mg. 





x mol. wt. of catalyst. 


The conditions must be adhered to, for with these substances, as with thio- 
carbamide, the reaction velocity is proportional to the peroxide concentration 
as well as to the concentration of catalyst. It is independent of the concen- 
tration of cysteine. The temperature coefficient of the catalytic reaction is 2. 
Using this coefficient the values of the catalysis constant have been calculated 
for a temperature of 18°. The very marked differences between the constants 
for different substances will be discussed later. 

The individual differences between the substances in Table I call for some 
comment. In two cases hydrogen peroxide acts on the catalyst in acid solution 
with the formation of colloidal sulphur. This action has, in the case of phenyl- 
thiocarbamide, been studied by Hector [1889; 1892] who showed that 3:5- 
diimino-2 : 4-diphenyl-1 : 2: 4-thiodiazoltetrahydride was formed by the elimina- 
tion of sulphur and hydrogen from two molecules of phenylthiocarbamide. In 
the presence of cysteine this action cannot apparently take place, but one 
observes colloidal sulphur in the polarimeter tube within a few minutes of the 
completion of the catalysed oxidation. N-Acetylthiocarbamide is broken down 
with the formation of sulphur at an early stage of the oxidation; polarimeter 
readings therefore are only possible for a few minutes with this catalyst. It is 
clear however that its catalytic power is very small. Hofmann and Gabriel 
[1892] have described a reaction with NN-methylphenylthiocarbamide very 
similar to that which occurs with phenylthiocarbamide. This action proceeds 
only in hot solution and I have not noticed the formation of colloidal sulphur 
under the conditions of these experiments. 

Ergothioneine alone among the catalysts in Table I is optically active; this 
property allows one to study the ergothioneine-catalysed oxidation in some 
deiail. The curves in Fig. 3 show the effect of adding various amounts of 
hydrogen peroxide to the same amount of ergothioneine. There are clearly two 
reactions. The first is between two molecules of ergothioneine and rather more 
than one molecule of hydrogen peroxide; presumably a disulphide is formed; 
Barger and Ewins [1911] have isolated the iodide of such a compound but I 
have not yet isolated the substance itself. This action is complicated by the 
more general breakdown, accompanied by desulphuration, which occurs with 
an excess of peroxide. As in the case of other thiolglyoxalines, sulphuric acid 
is formed. These two oxidations are catalysed by copper and iron but only to 
a very slight extent, e.g. 4y of copper (as CuSO,) cause no appreciable shift of 
curve 3 in Fig. 3; with 40y however catalysis is noticeable. When studying the 
ergothioneine-catalysed oxidations it is important to use the minimum of ergo- 
thioneine so as to avoid the interference of its rotation with that of the cystine; 
it is also important to add the peroxide to the reaction mixture last; if it is 
added before the cysteine the ergothioneine will be partially desulphurised 
with loss of catalytic activity. 

Catalysis by metals and thiocarbamides simultaneously. A few experiments 
have been made with copper or iron and thiocarbamide or ergothioneine acting 
together. When copper and iron are used together the rate of oxidation is the 
sum of the rates due to the two catalysts when acting independently; the same 
is true of thiocarbamide and ergothioneine. The catalytic effect of a mixture of 
copper and thiocarbamide is the sum of their independent effects for slow rates 
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of oxidation (0-0005 mg. Cu and 0-2 mg. thiocarbamide) only; when larger 
amounts of the catalysts are used the one is found not to increase the rate of 
oxidation due to the other; a similar state of affairs obtains with iron-thio- 
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Fig. 3. Volume is 5cc. in each case. Temperature 21°. 17-2 mg. of ergothioneine hydro- 
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chloride in each experiment. 
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0-5 ec. of 0-4 N H,O, and 0-004 mg. Cu. 
1-0 ce. of 0-4 N H,O,. 


5. 2-0 ce. 


carbamide and metal-ergothioneine mixtures. In view of the readiness with 
which sulphur compounds form metal complexes these results are not wholly 
unexpected. 

DISCUSSION. 


The mechanism of this catalytic oxidation seems to be fairly simple. The 

results given in Fig. 3 together with the earlier work of Werner and others show 
that compounds of the type used in these experiments are readily oxidised in 
acid solution by hydrogen peroxide and that this oxidation does not need a 
metal catalyst. It is convenient to assume therefore that the first step is the 
formation of a disulphide and that this is immediately reduced by the cysteine. 
This step has only been followed in the case of the disulphide form of thio- 
carbamide, dithioformamidine. The formation of cyclic compounds, as in the, 
case of phenylthiocarbamide, is probably irrelevant, for thiobenzamide behaves 
in this way [Hofmann and Gabriel, 1892] without being a catalyst. 

It is clear from Table I that the more replaceable hydrogen atoms a thio- 
carbamide has the more powerful will be its catalytic effect. The thiolglyoxalines 
however, with two replaceable hydrogens, are comparable with the thiocarbamides 
with three, and phenylthiolglyoxaline with only one labile hydrogen is as cata- 
lytically active as a thiocarbamide with two. This enhanced activity is appa- 
rently due to the double bond, for ethylenethiocarbamide has about the activity 
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expected. The inactivity of the thiohydantoins is presumably due to the influence 
of the carbonyl group on the adjacent imino group; with two carbonyl groups 
the inactivity is complete. The very low value for the catalytic power of 
N-acetylthiocarbamide is however both interesting and unexpected. 

Although ergothioneine occurs in blood corpuscles no function has yet been 
assigned to it: it is possible, though unlikely, that it acts normally as a catalyst 
in a manner similar to that in which it has been used in this work. The activity 
as an oxidising agent of the disulphide form of thiocarbamide, and also pre- 
sumably of the disulphide form of ergothioneine, is however worthy of some 
attention. I have shown in this paper that it can oxidise cysteine to one of 
the many possible intermediate compounds between the cystine ingested by 
an animal and the sulphate excreted by it, and I hope later to describe further 
work on this type of oxidation. 

Woodward and Fry [1932] and Benedict and Gottschall [1932] have found 
that, although ergothioneine is not readily oxidised by iodine, ferricyanide or 
arsenophosphotungstic acid in acid solution, it is oxidised by these reagents 
when in the presence of glutathione. With equal amounts of glutathione and 
ergothioneine only about 60 °% of the ergothioneine is oxidised and with smaller 
amounts of glutathione the oxidation is very much smaller. I have tried small 
amounts (since both catalyst and oxidant are optically active it is difficult to 
interpret the results if large amounts are used) of cysteine hydrochloride (2 mg.) 
and glutathione (4 mg.) as catalysts for the hydroge on peroxide cians of 
ergothioneine, using the same conditions as in curve 3, Fig. 3. No catalytic 
effect could be de monstrated. With the exception of the work just refe rred to 
no catalysed oxidation in any way similar to that described in this paper seems 
to have been studied. The resemblances between this type of oxidation and an 
enzyme action are interesting but need not, at the present stage, be emphasised. 
3ersin [1932] has described the effect of a large group of substances on the 
autoxidation of thiolacetic acid anilide in alkaline alcoholic solution. The active 
substances include iodoacetic acid, creatine and thianthrene, and it is hard to 
see any sign of a possible common action; moreover the shapes of the curves 
published make it probable that some of these substances catalyse different 
reactions. Bersin explains some of his results by the intermediate formation of 
thio-ethers. I have tried methionine and ethylcysteine as catalysts for the 
hydrogen peroxide oxidation of cysteine and have found them quite inactive. 


SUMMARY. 


Thiocarbamide catalyses the oxidation of cysteine to cystine by hydrogen 
peroxide in acid solution. 

Dithioformamidine can oxidise cysteine to a sulphenic acid; this is reduced 
to cystine by cysteine. Dithioformamidine has no effect on cystine. 

Substituted thiocarbamides and related substances, such as ergothioneine, 
are catalytically active and a theory for the mechanism of the action has been 
put forward. 

Glutathione behaves throughout in a manner similar to cysteine. 


I am very grateful to Sir F. G. Hopkins for the interest he has taken in 
this work. 
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I. SEASONAL VARIATIONS IN CAROTENE, VITAMIN A 
AND THE ANTIMONY TRICHLORIDE REACTION. 
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In January 1932 work was started in the National Institute for Research in 
Dairying to investigate the variations in the vitamin content of typical English 
milk as determined by the season of the year and the nutritional condition of 
the cow. This work, which was planned to cover two complete years, and which 
will be described in detail later, is mainly concerned with the accumulation of 
data obtained in routine biological tests carried out according to accepted 
methods. In several instances however unexpected difficulties have been en- 
countered, and it has been necessary to seek new explanations of the observed 
facts. Among other occasions this was the case when it was attempted to apply 
the well-known colorimetric and spectroscopic methods to the estimation of 
carotene and vitamin A in butter-fats, and the present joint work with the 
Nutritional Laboratory is concerned with our attempts to overcome this 
difficulty. 

In assaying the vitamin A of cod-liver oils by the antimony trichloride 
method it is well known that the blue value calculated per unit of the original 
oil may be greatly increased as the result of saponification. Green [1932] and 
Moore [1932] have already noticed that the blue value given by butter-fat is 
similarly increased on saponification, and this finding has been confirmed in 
the National Institute for Research in Dairying in routine tests on over 150 
samples of butter-fat. What specially attracted our interest however was the 
fact that the blue value was not always increased in the same ratio, and that 
in general the increase was much greater in samples of butter obtained from 
cows at pasture (“summer butters’’) than in samples obtained from stall-fed 
cows receiving diets totally or partially deficient in green fodder (‘winter 
butters”). In addition it was noticed that the colours produced by the un- 
treated winter and summer butter-fats differed qualitatively. The maximum 
intensity of blue in the case of winter butter was given immediately on the 
addition of the antimony trichloride reagent, after which fading took place very 
rapidly (2—5 secs.) without the formation of any intermediate tint. With summer 
butters on the other hand the blue colour was usually more stable, sometimes 
taking a few seconds to reach its maximum value, while fading was preceded 
by the change in the colour of the solution from the original greenish-blue to a 
dull reddish-blue. Now it is well known that the blue colour given by vitamin A 
in the antimony trichloride test is “‘inhibited,”’ a term which may be considered 
to embrace diminution in intensity, alteration in tint or acceleration in the 
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rate of fading, by a wide variety of substances [Corbet ef al., 1933]!. Thus 
unsaturated acids and oils cause inhibition when present in relatively high 
concentration [Norris and Church, 1930], while substances of the indole 
type [Emmerie ef al., 1931] and also a highly unsaturated fraction obtained 
from the acids derived from cod-liver oil [Emmerie, 1933] appear to act more 
specifically and cause inhibition when present in very small amounts. In a 
preliminary communication [Booth et al., 1933] we have already suggested that 
the essential cause of the different behaviour of untreated summer and winter 
butter-fats in the antimony trichloride reaction lies in the fact that not only the 
vitamin A content, but also the inhibitory power of the fat is increased in summer 
butters. We have also pointed out that the free fatty acids prepared from summer 
butter differ from those from winter butter in showing much stronger absorption 
at 230 mu, and much more rapid brown colour formation when treated with the 
antimony trichloride reagent. Since however it is not yet clear whether these two 
properties are genuinely related to the increased inhibitory power of summer 
butter-fat we shall not include data obtained on the free fatty acids in the present 
paper but shall confine ourselves to a description of inhibitory power only in so 
far as it affects the colorimetric estimation of the carotene and vitamin A. 


EXPERIMENTAL. 

The 15 butter-fats examined in the present work were selected from a large 
collection of samples which had been accumulated and examined in the course 
of about 13 months as the result of bi-weekly collections of milk from the 
typical herd of Shorthorn cows kept at Shinfield. The butter was churned in 
the Institute’s experimental dairy and was unsalted. It was rendered without 
delay. When not in use the butter-fats were stored in a refrigerator. No 
noticeable deterioration occurred under these conditions. 

Carotene estimations. There is little evidence that any pigment other than 
8-carotene is normally present in significant amounts in butter-fat, and in the 
present work the intensity of yellow pigmentation has been taken as a measure 
of the carotene concentration. The yellow units per g. of butter-fat were 
measured in a Lovibond tintometer using a cell of such thickness as to give a 
reading of 2-5 Y. This reading was then corrected for thickness of the cell and 
for the difference of the specific gravity of butter-fat from unity’. 

1 Interference in the application of the SbCl, reaction may also arise through clouding of the 


reagent (as by water, alkali, medicinal paraffin or squalene), or through the development of an 


intense colour by the substance added which masks the vitamin A blue (as in the case of the 
brown colour formed by large amounts of unsaturated acids, probably through impurity, or by 
rancid fats). These forms of interference can hardly be considered to represent true *‘inhibition.”’ 

2 The accuracy of observation is limited by two factors. On the one hand the matching of 
shades of more than 10 Y is very difficult, involving a great personal variation according to the 


amount of red introduced. On the other it is found that the readings obtained on using cells of 
different thickness (1 cm., }.cm., } cm.) do not show a linear relationship. The same effect is 
observed when the thickness of the cell is kept constant, and the fat diluted with a suitable 
solvent. The plan of keeping the reading within defined limits, as described above, seemed to be 
least objectionable and was always adopted except in early experiments carried out before a 
| em. cell had been acquired. In these cases readings of the order of 10 Y, taken in a $ em. cell, 
were subsequently corrected to allow for the slightly lower reading that would have been obtained 
if a } em. cell had been used. 

In earlier experiments yellow values were estimated both on the untreated butter-fat and 
on the non-saponifiable residue. The values obtained in the latter case, however, always indicated 
a quantitative transference of pigmentation to the non-saponifiable residue, and observations on 
the latter therefore appeared to be unnecessary. In the present paper data obtained using the 


untreated butter-fat only are given. 
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Example. Sample in } cm. cell gave reading of 3-2 Y. 


l - 
09 al. 


Y.U. per g. = 3-2 x 2 x 


Blue colour estimation. Untreated butter-fat. The blue values of the untreated 
butter-fats were estimated by treating 0-5 g. of the melted fat with 2 cc. of the 
SbCl, reagent in a 1 cm. cell, and observing the maximum blue reading attained. 
Since the colours given were extremely transient, especially in the case of 
winter butters, observations could only be carried out by setting the tintometer 
at:the expected reading as indicated by preliminary trials, and then, after 
rapidly adding the reagent to the fat, noticing whether the maximum colour 
produced was more or less than the expected reading. Through practice fairly 
consistent results could be obtained in this way. 

Blue colour estimation. Non-saponifiable residue. Saponification of the butter- 
fats was effected by boiling together 5 g. of the fat, 2-2 cc. of a saturated solution 
of KOH in distilled water and 10 cc. of ethyl alcohol. In earlier experiments 
boiling was continued for 1 hour under a reflux condenser, but this procedure 
was subsequently modified since saponification was found to be complete after 
boiling for 2 minutes. The alteration in the time of boiling had no effect on the 
blue value of the non-saponifiable residue, and it will therefore be unnecessary 
to indicate which procedure was adopted in individual samples. To obtain the 
non-saponifiable residue the soaps were diluted with 40 cc. of water and ex- 
tracted with 3 portions of 50, 25 and 25 cc. of ether. The extracts were combined, 
washed with water, dried with anhydrous sodium sulphate and evaporated on 
a water-bath, the last traces of solvent being removed under diminished pressure. 

The non-saponifiable residue so obtained was dissolved in 5 or 10 cc. of 
chloroform. An amount of this solution expected to give a blue reading of 3-5 
was made up to 0-5 ce. with chloroform and treated in a 1 cm. cell with 2 cc. of 
the antimony trichloride reagent. The colour produced did not fade so rapidly 
as in the case of the untreated butter-fats, but to obtain maximum values it 
was necessary in some cases to take readings rapidly. Results were calculated 
as follows. 

Examples. Untreated butter. 

0-5 g. with 2 cc. SbCl, reagent gave 2B 0-5 Y. 1 

B.U. per g. = 2 x 2-5 (total vol. of mixed solutions) x >= 

= 10 B.U. per g. 

Non-saponifiable residue from 5 g. butter-fat was dissolved in 10 ec. CHCI,. 

0-3 ce. of this solution with 0-2 cc. CHCl, + 2 ec. SbCl, gave 4B 1 Y. 

B.U. per g. butter-fat = * a _ 


o 


= 67. 


The above colorimetric methods, of course, do not permit a high degree of 
accuracy. Personal errors in matching the colours are difficult to exclude, 
particularly when a high proportion of a second colour (e.g. yellow in the case 
of the SbCl, blue) or the use of neutral glasses is necessary to obtain the correct 
shade. Moreover the conditions of illumination of the tintometer, which in the 
present instance were quite different at Shinfield (artificial light) and Cambridge 
(diffuse reflected daylight), must be taken into account. To avoid variations 
arising from errors of the above type the results obtained in the two laboratories 
were not intermixed, but each series was taken from results obtained in one 
laboratory. In most cases the general conclusions reached were confirmed by 
parallel work in the other laboratory. 














1192 _R. G. BOOTH, 8. K. KON, W. J. DANN AND T. MOORE 


Table I. 


Blue value (B.U. per g.) 
Yellow value —— A 








(Y.U. per g.) Non- Ratio— = 
Untreated Untreated saponifiable blue value N.S.R. 
Date butter-fat butter-fat matter blue value fat 
1932 April 26 2-4 8 16 2 
Cows went out to pasture April 26th. 
May 3-4 10-5 10-5 66 6 
May 10-16 17-5 7 66 9 
June 22-28 23 10 63 6 
July 12—Aug. 2 17-5 7 62 9 
Sept. 30-Oct. 13 19-4 8 67 5 
Oct. 31-Nov. 3 16-5 7 72 10 
1933 Jan. 26-30 2-6 7 42 6 
Feb. 24-27 2-8 12-5 35 3 
March 24-27 3-0 13 40 3 
April 14-17 2-3 12 34 3 
April 19-20 3-2 13 36 3 
Cows went out to pasture April 20th. 
April 27-28 7-2 9 64 7 
May 9-11 13 8 68 8-5 
May 19-22 18 7-5 72 10 
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Fig. 1. Seasonal variations in butter-fat. The upper continuous curve indicates the SbCl, blue 
value determined on the non-saponifiable residue, the lower continuous curve the blue value 
as determined on the untreated butter-fat. The broken curve indicates carotene expressed 

as yellow units determined on the untreated fat. The blue and yellow scales have been 

adjusted on the assumption that 2 Y.U. of carotene are equivalent biologically to about 


5 B.U. of vitamin A. 


Seasonal variation in carotene content. The seasonal variation in carotene 
content as indicated by the yellow value is given in Table I and shown graphically 
in Fig. 1. The first value given relates to a very faintly coloured butter-fat 
obtained during the last weeks of stall feeding in April 1932. In agreement with 
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well established precedent there was a sharp rise in the carotene content coin- 
ciding with the turning out of the cows to pasture, after which the value re- 
mained almost constant until the autumn, when a gradual fall began which 
continued throughout the winter, during which, of course, stall feeding was 
adopted with an increasing scarcity of green fodder. The butters of March and 
April 1933 were again very faintly coloured, and the rise in carotene content 
was repeated on turning out the cows to pasture as in the previous year. 

Seasonal variation in the blue value of the untrexted butter-fat. Data are given 
in Table I and Fig. 1. The value varied between comparatively narrow limits 
(7-13 B.U. per g.) and was usually somewhat greater in “‘winter” than in 
“summer” butter-fats. 

Seasonal variation in the blue value of the non-saponifiable residue (see Table I 
and Fig. 1). In contrast with the case of the untreated butter-fat, the blue 
value of the non-saponifiable residue showed a marked seasonal variation. The 

‘value rose sharply when the cows were turned out to pasture in the spring of 
1932, remained constant during the summer and autumn, declined during the 
winter and rose again when the cows were turned out to pasture at the end of 
April 1933. The variation thus followed the carotene content, although the 
disparity between the winter minimum and summer maximum was not so 
great. 

Seasonal variation in the ratio of the blue values as determined on the non- 
saponifiable residue and on the untreated butter-fat. In the above experiments 
the blue value per g. of butter-fat was invariably greater when the determination 
was carried out on the non-saponifiable residue than when the butter-fat was 
treated directly with the SbCl, reagent. It will be seen’from Table I, however, 
that the ratio of the two values was not constant, but was generally greater 
in summer than in winter samples. 

Seasonal variation in the inhibitory power of the butter-fat in the SbCl, reaction 
of vitamin A. The inhibitory powers of the winter and summer butter-fats were 
compared by observing the reduction in blue reading caused by the addition 
of a fixed amount of the butter-fat to a fixed amount of vitamin A concentrate 
(B.D.H.) before treatment with the SbCl, reagent. It must be emphasised that 
both winter and summer butter-fats interfered in the SbCl, reaction of vitamin A, 
although in different ways. With winter butter-fat the first flash of colour pro- 
duced approximated to that due to the added concentrate, after which rapid 
fading took place. With summer butter, on the other hand, the first flash of 
colour was completely inhibited, and instead the much less intense dull blue 
which appears to be given by the vitamin in the presence of gor een 
substances gradually developed. By taking readings immediately after the 
addition of the reagent, therefore, a decided seasonal difference could be 
demonstrated. 

In Table IT data are given showing the effect of adding 0-4 cc. of butter to 
0-0055 mg. of a vitamin A concentrate, which by itself gave a reading of 7 B.U. 
when dissolved in 0-5 cc. of chloroform and treated with 2 cc. of the SbC 
reagent. The colour readings observed immediately after adding the reagent 
and also after standing for 30 seconds are given. In Fig. 2 these results are 
shown graphically. The inhibitory power shows a seasonal variation similar 
to that already shown to occur in the carotene and vitamin A contents!. 


1 In the above experiments the blue colour observed must have been derived not only from 
the concentrate but also from the butter added as inhibitor. The amount of vitamin present in 
summer fats was, of course, much more than in winter fats. The degree of inhibition by summer 
fats was therefore even greater than would appear at first sight. 
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Table II. 


Immediate Blue reading 
blue reading after 30 secs. 
Concentrate with 0-4 cc. of 1932 May 3-4 6 3 
butter fat May 10-16 3°5 q 
June 28 3 3 
July 12—Aug. 2 2-5 2-5 
Sept. 30-Oct. 13 2-5 2-7 
Oct. 31—Nov. 3 3°5 3-0 
1933 Jan. 26-30 55 2-5 
Feb, 24-27 6 2 
March 24-27 6 2 
April 19-20 6 2-5 
April 27-28 $ 2-5 
May 9- '1 3 2-5 
Concentrate alone 7 6-5 


o 


Lovibond blue readin 
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Fig. 2. Seasonal variation in the inhibitory power of butter-fat on the SbCl, reaction of added 
vitamin A concentrate. The continuous curve gives readings immediately after adding 
reagent, the broken curve gives readings after 30 secs. The concentrate by itself gave a 
reading represented by the horizontal axis; after 30 secs. the colour faded to correspond with 
the dotted line just above the horizontal axis. The scale of Lovibond blue readings has been 
inverted so that the curve rises as the inhibitory power of the butter-fat increases. 


DISCUSSION. 

The above data on the yellow value of untreated butter-fat and on the blue 
value of the non-saponifiable residue provide additional confirmation of the 
already well established seasonal variation in the carotene and vitamin A con- 
tents of butter-fat depending on the change in the nutrition of the cow on 
turning out to grass. 

On the other hand the blue value of the untreated butter-fat is almost 
valueless as a guide to vitamin A content. In this case the intensity of blue 
colour given by the butter-fat is affected in a positive sense by the amount of 
vitamin A present, but also in a negative sense by the inhibitory power of the 
fat. The effect of pasture feeding is to increase both these variables, with the 
result that the effects cancel out and the observed blue value is little changed!. 

1 The blue value of the untreated butter-fat may sometimes show a definite increase under 
abnormal conditions of feeding. Thus Moore [1932] found the blue value to be increased on supple- 
menting the stall dietary with large amounts of carrots. A similar result may be obtained by 
feeding cod-liver oil. 
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Apart from the question of following the seasonal variation, the blue value 
determined on the untreated fat in any case represents only 1/10-1/5 of the 
true blue value as determined on the non-saponifiable residue. 

In regard to the practical problem of assaying the total vitamin A activity 
of butter-fats by colorimetric methods it is obvious that both carotene and 
preformed vitamin A must be taken into account. The carotene content, on 
the assumption that yellow colour is entirely due to this pigment, may be calcu- 
lated on the basis that pure carotene has a yellow value of about 2000 Y.U. 
per mg. The vitamin A content, to avoid unnecessary assumptions as to the 
blue value of pure vitamin A, may be expressed in blue units determined on 
the non-saponifiable residue!. On attempting to combine the carotene and 
vitamin A contents to arrive at the total activity of the butter-fat, however, we 
are faced with the difficulty that no general agreement has yet been reached 
on the relative activities of carotene and vitamin A. To help in the interpre- 
tation of the present results, and without implying that an accurate ratio has 
yet been determined, it will be assumed from the recent work of Moore [1933] 
that 2 Y.U. of carotene are roughly equivalent to 5 B.U. of vitamin A. Acting 
on this assumption, and for purposes of simplicity accepting the international 
standard of vitamin A activity as referring to ly of pure carotene”, the total 
activity of a given sample of butter-fat might be calculated as follows. 

Y.U. per g. 3.U. (N.S.R.) 
3 = 


= international units per g. 
2 v0 7 


When we apply this formula to typical samples of ‘‘ winter” (April 19-20, 
1933, giving 3-2 Y.U., 36 B.U. per g.) and “summer” (May 19-22, 1933, giving 
18 Y.U., 72 B.U. per g.) butter-fats it will be seen that the total vitamin A value 
is increased from about 8-8 to about 23-4 units per g. The contribution of caro- 
tene to the total activity is of course much more substantial in the “summer” 
sample, representing about 1/3 of the total activity. Biological experiments 
to decide the actual distribution of activity between carotene and vitamin A 
in summer butters by means of tests on untreated butter-fat and the same sample 
after decoloration by treatment with charcoal are now being carried out by 
two of us (R. G. B. and S. K. K.). 

In a subsequent communication we hope to deal with spectroscopic varia- 
tions in winter and summer butter-fats. 


SUMMARY. 


1. The seasonal variation in the carotene and vitamin A contents of typical 
English butter from Shorthorn cows was followed by colorimetric methods. 
Determinations of the intensity of yellow colour were carried out on the un- 
treated butter-fats. SbCl, blue values were determined both on the untreated 
fats and the corresponding non-saponifiable residues. 


1 Theoretically a correction equal to about 1/10 of the yellow value should be deducted from 
the blue value of the non-saponifiable residue to account for the amount of blue colour contributed 
by the carotene present. This correction, however, would appear to be so small as to represent 
an unnecessary refinement at the present stage of accuracy. In agreement with this view, in 
the case of most butters very little difference could usually be detected in the blue value of the 
non-saponifiable residue when determined on the natural yellow fat and on the same sample 
saponified after the removal of the carotene by absorption on charcoal. 

2 The international standard carotene is admittedly not of the highest attainable purity, but 
here again it is obviously premature to suggest a correction until general agreement has been 


reached. 
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2. Data obtained on yellow colour and blue value as determined on the 
non-saponifiable residue were in good agreement with the well established varia- 
tion of the carotene and vitamin A contents of the butter corresponding with 
the quantity of grass or of green fodder available in the diet of the cow. 

3. Blue values determined on the untreated butter-fat were found to be 
valueless as a guide to vitamin A content, being 5-10 times lower than values 
determined on the non-saponifiable matter. 

4. Although blue values determined on the untreated fats showed no con- 
sistent quantitative variation, qualitative differences in the behaviour of the 
blue colours produced by “winter” and “‘summer”’ butter-fats were observed. 
These differences were connected with an inhibitory substance or substances, 
which was present in much larger concentration in “summer” than in “winter” 
butter-fats, and whose presence could be detected from its inhibitory power on 
the blue colour given by vitamin A when added from an external source. 

5. In the practical assay of the total vitamin A activity of butter-fats by 
colorimetric means it is necessary that both the vitamin A and carotene contents 
should be taken into account. A provisional formula for calculating the total 
vitamin A activity is suggested. The total vitamin A activity of summer butter- 
fat from Shorthorn cows appears to be some three times greater than that of 
winter butter-fat. The fraction of the total activity due to carotene is also 
sreater in summer butter-fat. 


Our thanks are due to Capt. J. Golding, Dr L. J. Harris and Prof. H. D. Kay 
for their valuable criticisms, and to Miss D. V. Dearden for the churning of the 
butters. 
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THE work described in this communication records the successful application 
to bornyl-d-glucuronide (borneolglucuronic acid) of the standard methods of 
elucidating the ring structure of sugar derivatives. Bornylglucuronide was 
isolated by Clement and Fromm [1902] from the urine of rabbits fed on borneol, 
and later Quick [1927] prepared it from the urine of dogs similarly fed. A full 
description of the general properties of this compound, howe “ver, was not given. 
Its formation was also detected by Hildebrandt [1909] after subcutaneous 
injection of a solution of bornylglucoside in rabbits. In identification Hilde- 
brandt quotes only the melting-point, 174°. No previous investigation of the 
structure of a glucuronide synthesised in the animal body has been described. 
Whilst this study was in progress, two papers appeared dealing with the structure 
of uronic acid residues in naturally occurring products of plant origin. An 
aldobionic acid from gum arabic has been the subject of a study by Challinor, 
Haworth and Hirst [1931]. By methylation and hydrolysis they find it to be a 
6- galactopyranose- d- glucuronic acid. The glucuronic acid residue was isolated, 
aiter hydrolysis of the methylated aldobionic acid, as syrupy trimethylglucuronic 
acid, which on methylation with methyl sulphate and alkali gave crystalline 
trimethyl-8-methylglucuronide. Then, by comparison of the rate of hydrolysis 
of the latter with that of B-methylglucopyranoside, these authors deduced a 
pyranoid structure for the glucuronide. Furthermore, Robertson and Waters 
[1931] have studied the structure of euxanthic acid, a compound of euxanthone 
and glucuronic acid. Euxanthic acid was methylated and the product hydro- 
lysed. From the products of hydrolysis trimethylglucuronic acid [e¢f. Challinor 
et al., 1931] was isolated. This was oxidised with nitric acid, and the products of 
oxidation, after esterification and distillation, yielded dimethyl d-dimethoxy- 
succinate and 2:3:4-trimethyl-5- saccharolactone methyl ester. The saccharo- 
lactone was then prepared inde »pendently from a compound of known pyranoid 
structure, 2:3:4-trimethyl-c- methylglucoside, and hence its isolation from the 
oxidation products of trimethylglucuronic acid establishes a pyranoid structure 
for the glucuronic acid residue of euxanthic acid. It may be mentioned here that 
Robertson and Waters did not find i-xylotrimethoxyglutaric acid in the products 
of oxidation. 

In the work here described it is proved by direct chemical evidence that the 
glucuronic acid residue of bornylglucuronide synthesised in the dog is a pyranoid 
compound. f-Bornyl-d-glucuronide was methylated with methyl iodide and 
silver oxide to give the methyl ester of 2:3:4-trimethyl-8-bornyl-d-glucuronide 
which was isolated as a white crystalline solid, M.p. 92—93° and [a];4g; — 30-7° 
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in alcohol. This ester was then subjected to the action of 0-2 N sulphuric acid in 
methyl alcohol at 100° for 24 hours in a sealed tube, and a liquid mixture of the 
a- and f-isomerides of the methyl ester of 2:3:4-trimethylmethylglucuronide 
was isolated and purified by distillation in a high vacuum. This ester had 
[%]s46: + 98-9° in water. The fully methylated glucuronide was then carefully 
oxidised with nitric acid (sp. gr. 1-42) for 2} hours, the temperature being 
regulated and never allowed to rise above 90°. After removal of the bulk of the 
nitric acid by continuous distillation with water, the products of oxidation were 
esterified with 3 °% hydrogen chloride in methyl alcohol. After neutralising the 
acid with silver carbonate, the solvent was evaporated and the syrupy residue 
distilled in a high vacuum and fractionated. 

The first and second fractions, from their rotations in methyl alcohol, were 
found to be mixtures of about 20 °% of dimethyl d-dimethoxysuccinate and 80 % 
dimethyl i-xylotrimethoxyglutarate [see Hirst, 1926; Hirst and Purves, 1923]. 
The third fraction consisted mainly of 2:3:4-trimethyl-5-saccharolactone methyl] 
ester [Robertson and Waters, 1931]. On treatment of fractions 1 and 2 with am- 
monia in methylalcoholat0°, each gave two separate crops of crystals on standing. 
The first of these was collected after 2 days’ standing and when purified was 
identified as d-dimethoxysuccindiamide by analysis and by comparison of the 
constants with those given by Haworth, Hirst and Miller [1927] for this com- 
pound. The second crystalline deposit was collected over a period of 14 days 
after the separation of the first crop and was identified as i-xylotrimethoxy- 
glutardiamide by analysis and comparison with the constants given for this 
compound by Hirst and Purves [1923]. 

After 4 days’ standing in a desiccator, the third fraction of the products of 
high vacuum distillation partially crystallised. On extracting the partially 
crystalline mass with small quantities of ether, the syrupy part was removed 
leaving a white crystalline solid which was only slightly soluble in ether. These 
crystals (platelets) were then identified as 2:3:4-trimethyl-6-saccharolactone 
methyl ester by analysis, rotation, melting-point and titration; this lactone 
ester was described for the first time by Robertson and Waters [1931] and 
shown to possess a pyranoid structure. 

The isolation of i-xylotrimethoxyglutaric acid derivatives from the products 
of oxidation can only be explained by ascribing to the original glucuronide a 
pyranoid structure, since carbon atoms 2, 3 and 4, with their attached methoxy- 
groups, have been isolated as crystalline i-xylotrimethoxyglutardiamide. The 
d-dimethoxysuccinie acid derivatives which were obtained in small yield are 
further oxidation products of the i-xylotrimethoxyglutaric acid. Additional 
evidence for the pyranoid structure of the uronic acid residue of bornylglu- 
curonide is obtained from the isolation of the crystalline 2:3:4-trimethyl- 
5-saccharolactone methyl ester, which, as has already been mentioned, is known 
to possess a pyranoid structure. The arguments therefore prove that borny]- 
glucuronide has a similar structure to the normal glucosides and that the uronic 
acid residue follows the parent hexose, glucose, in possessing a pyranoid struc- 
ture. The appended sequence of structural formulae (p. 1199) illustrates the above 
argument. 

It will be observed from the following formulae that any trimethoxyglutaric 
acid formed by oxidation of glucuronic acid should be optically inactive since 
its stereochemical arrangement would give internal compensation; on the other 
hand, the dimethoxysuccinic acid formed by further oxidation, not being 
internally compensated, should be optically active. The experimental results are 
in conformity with these expectations. 
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HCOC,,H,, HCOC,,H,, HCOMe 
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HCOH HCOMe HCOMe 
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HCOH HCOMe HCOMe 
d | | 
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| | | 
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Bornylglucuronide 2:3: 4-Trimethylborny]- 2:3: 4-Trimethylmethyl- 
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2:3: 4-Trimethyl- Dimethyl 7-xylo- Dimethy] d-dimethoxy- 
5-saccharolactone trimethoxyglutarate succinate 
methyl ester Y v 
CO.NH, 
| 
HCOMe CO.NH, 
| | 
} MeOCH MeOCH 
| | 
HCOMe HCOMe 
| | 
CO.NH, CO.NH, 
i-Xylotrimethoxy- d-Dimethoxy- 
glutardiamide succindiamide 
EXPERIMENTAL. 


Administration of borneol. Isolation of zine bornylglucuronide. 
3 to 4 g. of borneol! were fed daily to each of several dogs weighing from 
20 to 30 Ibs. Initially the borneol was fed smeared on meat, but since the dogs 


1 Borneol (Harrington’s) [«];4g, + 20° (in EtOH). 
Borneol (B.D.H.) [«];4g, + 26-5° (in EtOH). 
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finally refused to eat any food tasting of borneol it was found easy and advan- 
tageous to administer it in small gelatin capsules. The capsules could be con- 
cealed inside pieces of meat which were rapidly swallowed by the dogs. Each 
capsule held about 0-5 g. of borneol. The dogs were kept in a large zinc-lined 
cage, which carried under the floor a large shallow zine funnel, so that all the 
urine excreted could be collected in a beaker placed at the lower orifice of the 
funnel. The urine collected was worked up daily by a method based upon that 
of Quick [1927]. The urine was acidified with acetic acid and precipitated with 
the exact quantity of normal saturated lead acetate and filtered. The clear 
yellow filtrate was heated to the boiling-point and about 10 g. of solid zinc 
acetate were added to every 500 cc. of hot filtrate. The vessel was well shaken 
to initiate the separation of the zinc salt and, after standing for about 2 minutes, 
it was filtered under suction, washed with warm water and dried in the air. 
With stale urine the yield of zinc salt was low, and it had a brown colour and 
urinary odour. The salt develops a brown colour and urinary odour if, after pre- 
cipitation, it is allowed to stand in contact with the mother-liquor for some time 
before filtering. Otherwise the salt is pure white and odourless. The yield was 0-5 
to 0-6 g. per g. of borneol fed. The salt is insoluble in water and ordinary organic 
solvents, but is soluble with hydrolysis in dilute acids. This salt was first prepared 
by Clement and Fromm [1902] who gave it the formula C,,H,;,0,,Zn,2H,O. In 
the present investigation it was prepared for analysis by boiling with distilled 
water, filtering under suction, washing with water, alcohol and ether and drying 
in a desiccator. It was then analysed for zine by the zinc ammonium phosphate 
method. Found Zn, 8-56 %; C3.H;,0,,Zn, 2H,O requires Zn, 8-61 %. 

Only a few experiments were carried out on human subjects, for reasons 
which will be dealt with in a later paper, but the zinc salt was isolated in the 
same way as for dogs and in about the same yield. 


The preparation of B-bornyl-d-glucuronide. 

The powdered zine salt (50 g.) was dissolved in 80 cc. of hot 3-5.N sulphuric 
acid and the solution filtered while hot on a glass filter. The filtrate was then 
allowed to stand in the refrigerator overnight whereby it became a semi-solid 
slightly brown crystalline mass. The liquid was filtered under suction and the 
solid washed with ice-cold water. It was recrystallised from hot water, de- 
colorising with charcoal. The yield was 35 to 40 g. For titrations and optical 
rotations some specimens were recrystallised several times from hot water. 
8-Bornyl-d-glucuronide forms microscopic prismatic needles similar to those 
described by Clement and Fromm [1902] for the corresponding menthylglucu- 
ronide. It is odourless when pure and is easily soluble in hot water, ether and 
alcohol, slightly soluble in cold water, and practically insoluble in chloroform. 


crystallisation approximating to one molecule, the titrations described below 
show it to contain exactly 1-5 molecules of water; it is thus similar to the corre- 
sponding menthylglucuronide which also possesses 1-5 molecules. It melts at 
174-175°. Its specific optical rotation will be dealt with in a later publication. 
Titrations (microburette). 
Several titrations were carried out with highly purified specimens. 
lL. Air-dried Spe cimen. 
0-1010 g. required 5-13 ec. of 0-055 N NaOH. 
5:14 ce. is required for C,,H,,0, + 1-5H,O, 
5-28 cc. is required for C,,H,,0, + H,O. 
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2. Dried over sulphuric acid. 
0-1453 g. required 6-55 cc. of 00625. NaOH. 
6-51 cc. is required for C,,H,,O, + 1-5H,O, 
6-75 cc. is required for C,,H,,O, + H,O. 


3. Dried at 137° over P.O; in vacuo. 
0-1009 g. required 4-91 cc. of 0-:0625N NaOH. 
4-89 cc. is required for C,,H,,O, (i.e. anhydrous). 


The methylation of B-bornyl-d-glucuronide. 
Isolation of 2:3 : 4-trimethyl-B-bornyl-d-glucuronide. 


Bornylglucuronide (3-3 g.) was methylated with silver oxide and methyl 
iodide in the usual manner. The reaction at first proceeded vigorously in the 
cold owing to esterification of the free carboxyl group, and later the methylation 
was continued at 45 to 50°. Four separate treatments with fresh silver oxide 
and methyl iodide were necessary to methylate the compound completely, and 
the methoxyl content of the product increased as follows: syrup after the second 
methylation had OMe, 25-46 %; after third methylation, OMe, 29-61 °%; after 
fourth methylation, OMe, 30-63 °,. The product of the fourth methylation was 
entirely crystalline; the yield was 3 g. It was recrystallised first from ether then 
from 50 °% aqueous alcohol. It crystallised in white shining hexagonal plate- 
lets, M.P. 92—93°; it was very soluble in alcohol and ethe r, but insoluble in aie 
it did not reduce Fehling’s solution and was neutral in reaction. 

[a]!3,, — 30-7° in absolute alcohol (¢ = 0-717). 

Found C, 62:4; H, 8-9; OMe, 31:3 %. C,)H,,0O, requires C, 62-1; H, 8-9; 
OMe, 32:1 % 


Simultaneous pcos and methylation of trimethylbornylglucuronide 
methyl ester. Isolation of 2:3: 4-trimethylmethyl-d-glucuronide methyl ester. 


Trimethylbornylglucuronide methyl ester (6 g.) was dissolved in 100 ce. 
of 0-2.N sulphuric acid in methyl alcohol and the solution heated: for 24 hours 
at 100° in Carius tubes. After cooling, the tubes were opened and the solution, 
which smelled strongly of borneol, was neutralised with silver carbonate and 
filtered. The methyl alcohol was removed at 40° under diminished pressure. 
Some crystals of borneol separated from the syrupy residue, but the bulk of it was 
precipitated by adding water. It was then filtered. After thorough extraction 
of the borneol with water, the combined aqueous extracts were concentrated 
in vacuo at 45° to a syrup. The syrup, however, still contained silver salts and 
these were removed by dissolving the syrup in ether and filtering the precipitated 
silver salts. The ethereal solution on concentrating gave a faintly yellow clear 
mobile syrup which was thoroughly dried and distilled (yield 3-8 g.). The syrup 
distilled at 131°/4 mm. giving a mobile and perfectly colourless syrup in a yield 
of 3-3 g. It was non-reducing and proved to be the expected 2:3: 4-trimethy]l- 
methyl-d-glucuronide methyl ester: nj, 1-4469, nij? 1-4480; [a]}} 98-9° in 
water (c = 0-531). Found C, 49-7; H, 7-7; OMe, 57-6 %. C,H 0, requires 
C, 50-0; H, 7-6; OMe, 58-7 %. 

The borneol which aie was dissolved in ether and the solution filtered 
and evaporated to dryness. The residue was then purified by distillation in 
steam and dried in a desiccator. It melted at 206° and had [«]!§,, + 30-1° in 
absolute alcohol (c = 1-164). The rotation of the original borneol fed to the dogs 
was [&%]:4¢, + 20° in absolute alcohol; M.p. 207° 
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Oxidation of 2: 3: 4-trimethylmethylglucuronide methyl ester with nitric acid. 
Esterification of the products of oxidation. 


The ester (2 g.) was dissolved in 20 cc. of nitric acid (sp. gr. 1-42). The 
reaction was initiated by heating on a water-bath to 65°. Very vigorous evolution 
of oxides of nitrogen took place and the mixture had to be cooled to moderate 
the reaction. After half an hour the temperature was raised to 90° and this 
temperature was maintained for 2 hours. At the end of this period the evolution 
of gas had ceased and the solution was diluted with an equal volume of water. 
The nitric acid was removed by distillation with water at 40° under diminished 
pressure, using a continuous feed arrangement to supply fresh quantities of 
water without interrupting the distillation. Finally, the solution was concen- 
trated to a pale yellow stiff syrup with a strong acid reaction, due in part to 
the presence of residual traces of nitric acid. This syrup was taken up in methyl 
alcohol and the solvent evaporated to remove traces of water with it. The 
syrup was then thoroughly dried in vacuo over phosphorus pentoxide at 70-80°. 
The residual nitric acid did not cause any decomposition during drying, nor did 
it interfere with the subsequent esterification. 

Esterification of the acid syrup was accomplished by boiling for 7 hours with 
30 cc. of 4 °% hydrogen chloride in methyl alcohol. The solution was next neutral- 
ised with silver oxide and dried by standing overnight over anhydrous sodium 
sulphate. After filtering and extracting the residues with methyl alcohol the 
solution was concentrated to a pale yellow mobile syrup. It still contained 
silver salts, derived from the residual nitric acid, and these were removed by 
dissolution in ether and filtering. The ethereal solution was now concentrated 
and the resulting syrup thoroughly dried in vacuo. The yield was 1-5 g. 

High vacuum distillation of the esterified syrup. The dried syrup was distilled 
in a high vacuum and three fractions collected as follows: 


Bath Pressure Yield 
Fraction temperature mm. g. Remarks 
l 115-119 0-24 0-531 Colourless mobile syrup 
2 120-136 0-25 0-358 Ditto 
3 140-150 0-34 0-497 Viscous yellow syrup 


A small amount of a dark residue remained in the distilling flask and was 
neglected. Each fraction was then examined separately. 

Examination of fraction 1. 

The refractive index was n'* 1-4409; [a]s4g, + 18-72° in methyl alcohol 
(c = 1-602). Found OMe, 61-56 °/,. These values accord with those required for 
a mixture consisting of 80 °% of dimethyl i-xylotrimethoxyglutarate [Hirst and 
Purves, 1923] and 20 % of dimethyl d-dimethoxysuccinate [Haworth, Hirst 
and Miller, 1927] (the former has n> 1-4402 and [«], 0°, and the latter has 
n;, 1-4340 and [«], 81° in methyl alcohol). A mixture of these two esters in the 
above mentioned proportions gives n}* 1-4398, [«],, + 16-2° and OMe, 61-64 %. 

Action of ammonia on fraction 1. 0-4 g. of the syrup was dissolved in 10 ce. 
of dry methyl alcohol, and the solution was saturated with ammonia at 0°. 
The solution developed a light pink colour and deposited crystals in 24 hours; 
these were filtered, washed thoroughly with methyl alcohol followed by ether 
and dried. They formed tufts of needles and were identified as d-dimethoxy- 
succindiamide |Haworth, Hirst and Miller, 1927]. The solution was then re- 
treated with dry ammonia, and a second crop of crystals, differing in appearance 
from the first, was collected over a period of 14 days. The solution had also 
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developed, in one experiment, a deep purplish colour, typical to the formation of 
the xylotrimethoxyglutardiamide [see Hirst and Purves, 1923]. On evaporating 
the solution to dryness a further amount of the second crystalline material was 
collected. Some difficulty was experienced in purifying the last crop of crystals, 
but this was eventually accomplished by dissolving in ethyl alcohol, decolorising 
with charcoal and then filtering the solution. The solution was then evaporated 
to dryness and the resulting sticky crystals washed with cold methyl alcohol 
followed by ether, to remove adhering syrup. These crystals were identified as 
i-xylotrimethoxyglutardiamide [Hirst and Purves, 1923]. 


Analysis, ete. 


1. d-Dimethoxysuccindiamide. Yield 0-08 g.; M.P. 272°; [a]!",, + 114-6 
in water (c = 0-193); [a], = + 97-1° (calc.). [a]}},, + 113-2° in water (c = 0-159); 


[x], 95-9° (cale.). Found OMe, 35-8; N, 15-9 %. C,H,,0,N, requires OMe, 
35-2; N, 15:9 %. 

2. i-Xylotrimethoxyglutardiamide. Yield 0-1 g.; M.p. 195° to a blue melt. 
It was optically inactive. Found OMe, 42-1; N, 12-97 9%. C,H,0;N. requires 
OMe, 42-3; N, 12-73 %. 

Examination of fraction 2. 

The refractive index was n> 1-4430; [«]}{,, 18-37° in methyl alcohol (¢ = 1-143). 
Found OMe, 59-26 °%. These values show it to possess almost the same com- 
position as fraction 1. 

Action of ammonia on fraction 2. 0-25 g. of the syrup was treated in the same 
way as fraction 1. The solution turned a pale greenish-blue colour indicating the 
presence of the xylo-derivative. A small amount of dimethoxysuccindiamide 
was isolated followed by the xylotrimethoxyglutardiamide and was examined 
as in fraction 1. 

Examination of fraction 3. 

Isolation of 2: 3 : 4-trimethyl-6-saccharolactone methyl ester. The refractive index 
of the syrup was n}} 1-4570 and the methoxyl content OMe, 55-63 °%%. The 
methoxyl value suggested that it was, most probably, a mixture of trimethyl- 
saccharolactone methyl ester and dimethyl i-xylotrimethoxyglutarate. After 
standing for 4 days in a desiccator the syrup became partially crystalline. It 
was then treated with ether in small quantities, and the adhering syrup was 
removed, leaving a mass of white, shining platelets sparingly soluble in ether. 
These were thoroughly washed with ice-cold ether, dried in a desiccator and 
identified as 2:3:4-trimethyl-6-saccharolactone methyl ester [cf. Robertson and 
Waters, 1931; Charlton ef al., 1931]. The crystals melted at 106-4° and had 
[a]:°,, + 175-9° in benzene (c = 0-216). 

Titration of total carboxyl. 9-55 mg. of the lactone were boiled for half an 
hour with 10cc. N/70 NaOH and then the solution was titrated with V/70 
sulphuric acid. Found 5-23 ec. of N/70 NaOH; C,,H,,0, requires 5-39 cc. Found 
C, 48-4; H, 6-6; OMe, 50-6 %. C,9H,,0, requires C, 48-4; H, 6-5; OMe, 50-0 %. 

Robertson and Waters [1931] quote m.p. 106° and [a]%,, + 176-05° in 
benzene, while Charlton et al. [1931] quote m.p. 107° and [a]; + 146-5° in 
benzene. 





SUMMARY. 


B-Bornyl-d-glucuronide (borneolglucuronic acid) C,H 0,, 1-5H,O, isolated 
as the zine salt from the urine of human beings and dogs fed with borneol, gives 
crystalline 2:3:4-trimethyl-8-bornyl-d-glucuronide methyl ester by methyl- 
ation with silver oxide and methyl iodide. This ester is converted into a mixture 
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of «- and £-2:3:4-trimethylmethyl-d-glucuronide methyl esters by the action of 
0-2.N sulphuric acid in methyl alcohol at 100° under pressure. Oxidation of the 
fully methylated glucuronic acid with nitric acid yields d-dimethoxysuccinic acid, 
i-xylotrimethoxyglutaric acid and 2:3:4-trimethyl-5-saccharolactone. The first 
two of these were identified as the crystalline diamides, while the saccharo- 
lactone was identified as the crystalline methyl ester. The isolation of i-xylo- 
trimethoxyglutaric acid and 2:3:4-trimethyl-d-saccharolactone establishes a 
pyranoid structure for the glucuronic acid residue of bornylglucuronide, a 
typical conjugated glucuronic acid, synthesised in the animal body. 
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d-GLUCURONE is the stable anhydride of d-glucuronic acid and it is in the form 
of this lactone that glucuronic acid is generally obtained. It was first prepared 
by Schmiedeberg and Meyer [1879] from camphoglycuronic acid isolated from 
the urine of dogs fed with camphor. Free glucuronic acid was not isolated in a 
crystalline condition until 1925 [Ehrlich and Rehorst, 1925]. d-Glucurone has 
been isolated from both plant and animal sources, and it is clear that the 
products from both sources are identical. d-Glucurone probably possesses both 
a pyranoid and a furanoid ring, since most of its properties indicate it to be a 
y-lactone. However, direct chemical evidence on this point is lacking. 

The preparation of d-glucurone. Quick [1927] has hydrolysed, with dilute 
sulphuric acid, bornylglucuronide obtained from the urine of dogs receiving 
borneol. He obtained a product which by titration he found to be a mixture of 
70 % of glucuronic acid and 30 % of glucurone. Adopting Quick’s method in 
the a investigation identical results have been obtained. The lactone is 
separated from this mixture by crystallisation from glacial acetic acid, and the 
crystals so obtained are recrystallised from water. 

In the work here described it was necessary to obtain the lactone in good 
yield and free from the acid. Quick’s method was inconvenient and necessitated 
the use of an acid solvent—acetic acid—which tended to char the product. A 
method was therefore devised by means of which the glucuronic acid residue of 
bornylglucuronide could be obtained entirely as the lactone (see experimental 
section). The glucurone obtained in this way possessed the physical properties 
previously quoted for this compound. 

The methylation of d-glucurone. While this investigation was in progress, the 
methylation of d-glucurone, obtained by the hydrolysis of gum arabic, was 
described by Challinor e¢ al. [1931]. These wor kers used methyl sulphate and 
alkali as methy lating reagents and obtained trimethyl-f- methyl- d-glucuronide, 
a result which indicated that the lactone ring had been opened, as is to be 
expected when these methylating reagents are used. In the present investigation 
d-glucurone was methylated with silver oxide and methyl iodide. The products 
of methylation consisted of two crystalline solids, which at first were erroneously 
assumed to be stereoisomeric trimethylglucurones [Pryde and Williams, 1931; 
1933, 1], and an uncrystallisable syrup. Out of a total of seven methylation 
experiments, crystalline trimethylglucurone was isolated in three instances, 
while the other four experiments yielded another crystalline solid which has 
been provisionally named trimethylglucuralone. In each methylation the solid 
76 
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product was obtained in a yield of 25 °% of the glucurone used, whilst the other 
75 % underwent more extensive methylation, as a result of the opening of the 
lactone ring. In no case were trimethylglucurone and trimethylglucuralone 
isolated together from the same methylation. The conditions under which 
either was formed seemed to be identical, but it is probable that some slight 
variation in the conditions of the methylation which would favour the formation 
of one or the other of these two solids has been overlooked by us. This problem 
is at present the subject of further investigation. 

Trimethyl-d-glucurone. This compound was isolated after subjecting d- 
glucurone, dissolved in methyl alcohol, to two or three methylations, each of 
8 hours’ duration, with silver oxide and methyl iodide. It formed very long 
colourless prismatic needles of M.p. 131-132°. It was purified by recrystallisation 
from ether or methyl alcohol, preferably ether containing a little methyl alcohol. 
It was easily soluble in methyl alcohol and water but sparingly soluble in ether. 
It had [«],s., + 197-5° in water, which remained constant. Dissolved in methyl 
alcohol containing 1 °{, HCl, it showed a marked change in rotation at room 
temperature, the rotation falling according to a reaction of the first order. Its 
aqueous solution was neutral to litmus and Congo red papers, but was acid to 
methyl red indicator solution. It titrates as a lactone with alkali; it gives a 
positive reaction with naphthoresorcinol; it does not decolorise permanganate 
or bromine water like trimethylglucuralone (vide infra). Trimethylglucurone 
probably has the constitution: 


CHOMe 
HCOMe | 
CH 
HCOMe 
HC 
CO 


There is, however, no direct chemical evidence for the existence of the 
furanoid ring, although it is the most probable structure. The presence of a 
pyranoid ring may be inferred from the results already described in Part I of 
this series [Pryde and Williams, 1933, 2] and from those of Challinor, Haworth 
and Hirst [1931]. The writers hope to supply, in the near future, definite chemical 
evidence on this point. 

Trimethylglucuralone. This compound was isolated as a crystalline solid from 
the methylation of d-glucurone with silver oxide and methyl iodide as has 
already been mentioned. It was crystallised from ether or methyl alcohol and 
formed elongated flat tablets, M.p. 88°, soluble in methyl alcohol and dissolving 
with initial difficulty in water; it is sparingly soluble in ether. Its rotation in 
water was |«]4,, + 110-8°, which remained constant. Unlike trimethylglucurone 
it does not undergo any change in rotation in methyl alcohol containing 1 °% HCl, 
even on heating to 100° in a sealed tube. It gives a positive naphthoresorcinol 
reaction and titrates as a lactone with alkali. The facts that its aqueous solution 
decolorises permanganate immediately and bromine water a little more gradually 
were taken to indicate the presence of a double bond. Several analyses for C and 
H were carried out and although the analytical figures did not agree with those 
calculated for trimethylglucurone, C,H,,O,, they were consistent between them- 
selves and indicated a compound with two hydrogen atoms less, C,H,,.0O,. This 
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formula can be accommodated by a trimethylglucurone structure minus two 
hydrogen atoms. The following structure, A, is tentatively advanced, and it is 
suggested that this compound be called trimethylglucuralone on analogy with 
the glucals. A double bond is introduced to account for its action on perman- 
ganate and bromine water. This suggestion is supported by the fact that the 
introduction of an unsaturated linkage into a compound causes a marked 
change in optical rotation [cf. Stewart, 1919] and properties (e.g. rotation, 
trimethylglucurone + 197-5°; trimethylglucuralone + 110-8°; m.p. 132 and 88° 


respectively). This double bond could be in positions 1:2, 2:3, 3:4, 4:5 as shown 


by the structures A, B, C and D. 


Se ae T se B er 


_ Ir 


| | - ! 
COMe CHOMe | CHOMe CHOMe CH 
| | | | | 
COMe COMe 0 HCOMe | HCOMe CH | 
| O | | O | O | O 
-CH a: ;—C | \—CH HOCH 
| | | | | 
| | Pd 
O HCOMe | 0 HCOMe O COMe | O COMe = | HCOH 
| Pia Ee | | | 
HC | #C——— | HC ee HC 
| | } | | | 
—CO —CO —CO CO CH,OH 
A B C D Glucal 


If the compound has a double bond in the position indicated by the structure 
B, C or D, then, since carbon atom 1 in each of these structures possesses the 
mutarotating groups OMe and H, mutarotation might be expected on heating 
the compound with acid methyl alcohol. Reference to structure A will show 
the H atom of the first carbon atom to be absent, making mutarotation in this 
case impossible. Under the conditions already specified trimethylglucuralone 
shows no mutarotation, and therefore of the four structures A appears most 
probable and is tentatively adopted here. The introduction of a 1:2 double bond 
intoa sugar derivative in the course of methylation is ascribed to the mild oxidising 
action of silver oxide. 

The residual syrup. The main product of the methylation of glucurone was a 
yellow syrup which, after separation of the crystalline material, possessed a 
methoxyl value of 46-47 %. This syrup on further methylation gave a product 
of methoxyl value approaching the theoretical value (58-7 °%) for a fully 
methylated glucuronic acid. Three specimens of the further methylated syrup, 
irrespective of whether trimethylglucurone or trimethylglucuralone had been 
isolated, showed rotations of [«];4,, + 30° in water and had refractive indices, 
ni, 1:4461, n> 1-4465 and nj} 1-4679. The first two values for the refractive 
index agree with that for the «- and f-mixture of trimethylmethylglucuronide 
methyl ester obtained by the action of sulphuric acid in methyl alcohol on tri- 
methylbornylglucuronide methyl ester [Pryde and Williams, 1933, 2], namely 
n', 1-4469. This syrup was probably predominantly the £-isomeride of trimethyl- 
methylglucuronide methyl ester, but it was not further investigated. 


EXPERIMENTAL. 


The preparation of d-glucurone. Bornyl glucuronide, isolated from the urine 
of dogs fed with borneol, was hydrolysed according to the method of Quick [1927]. 
The resulting mixture of glucuronic acid and its lactone was dissolved in glacial 
acetic acid (Quick). The crystals which separated on standing were brown in 
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colour and were recrystallised from water, decolorising with charcoal; m.p. 177— 
178°; [a&]s4¢, + 20-7° in water (c = 0-59). 

Preparation of glucurone directly from bornylglucuronide and free from glucu- 
ronic acid. Quick’s method does not give good yields when glucurone free from 
glucuronic acid is required. To attain this, 30 g. of bornylglucuronide were 
hydrolysed with 600 cc. of 0-2. N H,SO, by boiling for 4 hours. The solution was 
set aside to cool and the borneol recovered by filtration. The filtrate was treated 
with sufficient baryta solution to remove the H,SO, quantitatively. The exact 
removal of H,SO, is important since small residual quantities of this acid lower 
the yield of glucurone considerably. After standing for a short time the solution 
was filtered and concentrated in vacuo at 40° to a syrup. The syrup was taken up 
in the smallest quantity of water possible and sufficient alcohol was added to 
induce an incipient precipitation. The crystals formed on keeping in a refrigerator 
were filtered off and dried. The mother-liquors were put through the same 
sequence of operations and a further crop of glucurone obtained. The yield was 
9-10 g.; M.P. 177-178°; [a]!%,, + 21-3° in water (c = 1-33); [a], calc. + 18°. In 
this way pure specimens of glucurone can be obtained without further re- 
crystallisation. 

The methylation of d-glucurone. Isolation of trimethylglucurone and trimethyl- 
glucuralone. A typical methylation was carried out as follows. Glucurone was 
methylated with excess Mel and Ag,O, using MeOH as an extraneous solvent in 
the initial stages of the methylation. Each methylation was carried out for 
8 hours and extraction of the products was performed with methyl alcohol and 
finally with dry ether. After 3 (sometimes 2) methylations, crystals were isolated 
in a yield of 25 % of the glucurone used. The residue after concentration of the 
extracts consisted of a mass of crystals embedded in a syrupy matrix. By 
shaking this syrupy mass with cold ether, the syrup dissolved leaving the 
crystalline material. The latter was recrystallised from ether containing a little 
methyl] alcohol and dried in a desiccator. 

In three cases out of seven the crystals were trimethylglucurone, m.P. 131—132° 
(needles) ; [x]!*,, + 197-5° in water (c = 0-76). Found C, 49-6; H, 6-5; OMe, 42-4 % ; 
C,H,,0, requires C, 49-5; H, 6-5; OMe, 42-7 %. 15-28 mg. of the lactone required 
4-75 ec. of N/70 NaOH; calculated for C,H,,O,, 4-8 cc. 

Trimethylglucurone (0-0467 g.) was dissolved in 10 cc. of methyl alcohol 


containing 1 % HCl and the change in rotation observed polarimetrically at 
constant temperature (20°). The initial rotation was [«|];', + 197° (after 5 mins.) 
falling to [«]*,, + 43-5 in 190 mins. The fall in rotation followed the equation for 


reactions of the first order and therefore was due to mutarotation. The solution 
was then heated for 2 hours in a sealed tube at 100° to secure a constant equili- 
brium value, which was found to be [«]:",, + 10-7 

Trimethylglucurone did not decolorise permanganate solution or bromine 
water. 

In the other four cases the crystalline solid was trimethylglucuralone; 
M.P. 88°; [«]}° 110-8° in water (c = 0-63). Found C, 50-2, 50-0, 49-9, 50-2, 
50-15; H, 5-6, 5-8, 5-7, 5-6, 5-65; OMe, 43-4 %. C,H,.0, requires C, 50-0; H, 5-6; 
OMe, 43-1 %. 48-7 mg. of trimethylglucuralone required 3-3 cc. of 0-0625.N 
NaOH; C,H,,0, requires 3-5 ec. 

Trimethylglucuralone (0-0346 g.) was dissolved in 10 ce. of methyl alcohol 
containing 1°, HCl and the rotation observed. The initial rotation was 
[x|:!, + 110° and after 18-25 hours the rotation was unchanged. The solution 
was then heated in a sealed tube for 4 hours at 100° and the rotation still 
remained practically unchanged, being [«]:' 107°. Trimethylglucuralone in 
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aqueous solution decolorised permanganate solution immediately, while bromine 
water was decolorised gradually. 

The residual syrup. On extracting with ether the mass of crystals and syrup 
obtained from the methylation of glucurone and evaporating the extract to 
dryness a yellow neutral syrup was obtained in a yield of 75 °% of the glucurone 
methylated (found, average for six specimens, OMe, 46-47 °%). These syrups 
were then subjected to further methylation with silver oxide and methyl iodide. 
After three further methylations, the syrups were recovered by ether extraction. 

‘After evaporating the solvent the resulting syrupy product was distilled in a 
high vacuum (found, on three specimens, OMe, 53-4, 54-7, 57-35 °%; calculated 
for a fully methylated glucuronic acid C,,H.0,, OMe, 58-7 %); rotations 
[a], + 29°6°, + 30-45°, + 30-5° in 20 % aqueous alcohol; refractive indices, 
ni; 1-4465, nj; 1-4461, and n}¥ 1-4679. The data given for this syrup are quoted 
with reserve since it has not been prepared in a satisfactorily pure state; it is 
probably 2:3:4-trimethyl-8-methyl-d-glucuronide methyl ester, C,,H5,90,. 


SUMMARY. 


A method is given whereby glucurone free from glucuronic acid can be 
prepared directly by hydrolysis of bornylglucuronide obtained from the urine of 
dogs fed on borneol. Methylation of glucurone with silver oxide and methyl 
iodide gives two crystalline solids, trimethylglucurone and an unsaturated 
derivative, trimethylglucuralone. Structures for both these compounds are 
tentatively suggested. The main bulk of the glucurone undergoes more extensive 
methylation owing to the opening of the lactone ring. 
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Mvucu attention has been paid to the detoxication of aromatic acids of the 
benzoic acid type in the animal body, but all the earlier workers failed to recognise 
the part played by glucuronic acid in this process, and attention was centred on 
the problem of the conjugation of these acids with glycine and their subsequent 
excretion as hippuric acids. There is now no doubt that glucuronic acid plays a 
very important réle in the detoxication of aromatic acids, especially when, after 
the administration of large doses of the toxic acid, the preformed glycine of the 
body has become exhausted. The detoxication of compounds of the benzoic acid 
type has been the subject of detailed study by Quick [1926, 1; 1928, 1, 2; 1931; 
1932, 1, 2, 3, 4]. 

The various conjugated glucuronic acids may be divided into three types. 

(1) Conjugated glucuronic acids of the glycoside-“‘ether” type, such as 
bornylglucuronide, I [ef. Pryde and Williams, 1933], in which the non-sugar 
residue is attached to the reducing group of glucuronic acid by means of a true 
glycoside link: 


CoH ,,0. yu 


C —— 
(CHOH), O 


PU actscinconcnl 


COOH 
I. 


Glucuronides of this type are non-reducing. 

(2) Conjugated glucuronic acids of the glycoside-“‘ester”’ type, such as 
benzoylglucuronide, II (benzoylglucuronic acid), in which the benzoyl radical is 
attached to the reducing carbon of glucuronic acid. This linkage is unstable to 
hydrolytic reagents and these glucuronides are reducing. 


— 
C,H;.CO.0.CH 
| 
(CHOH), O 
HC 


COOH 
Il. 
(3) Conjugated glucuronic acids containing two glucuronic acid molecules, 
one attached to the non-sugar residue by a glycoside-‘‘ether” linkage as in 
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type (1) and the other attached by an “ester” link as in type (2); the p-hydroxy- 
benzoic acid-diglucuronic acid, III, described by Quick [1932, 3] is an example 
of this type: 


cei Ao. 
ns Wi iirecmcstns 
| | 

(CHOH), 0 (CHOH), 0 
HC— HC— stele 
l | 

COOH COOH 

IIT. 


Benzoylglucuronic acid was first isolated as the sodium and strychnine salts 

by Magnus-Levy [1907], and he assigned to it the constitution of a 1-benzoyl- 
/ glucuronide, IV. The free acid was, however, prepared for the first time by 
Quick [1926, 2] from the urine of dogs fed with benzoic acid, but no analytical 
data other than titrations were given. Owing to the fact that this acid is very 
unstable to hydrolytic reagents, especially alkali, it reduces Fehling’s solution 
and other alkaline sugar reagents. Quick, therefore, supposed it to be a 2- 
benzoylglucuronic acid, V, which would possess a free reducing (potential) 
aldehyde group. Various considerations led us to doubt the correctness of 
this view and to support the original structure suggested by Magnus-Levy 
(using the new amylene-oxidic ring instead of the original butylene-oxidic ring). 


J H, OH 
O00). at... Cc 
(CHOH), O HCO.CO.C,H; 
HC — HOCH 1 
COOH HC- 
HCOH 
COOH 
IV. Vv; 


In the first place, on scrutinising the published data concerning glycosides 
containing a 1-benzoyl radical, it is found that all these glycoside-“‘esters” 
reduce Fehling’s solution, owing to the ease of hydrolysis of the benzoyl group 
in the presence of alkali. The data are tabulated below (Table I). 


Table I. Glycosides containing a 1-benzoyl radical, which reduce 
Fehling’s solution. 


Compound Authority 
1-Benzoyl-4 : 6-benzylideneglucose Zervas [1931]* 
1: 2: 3-Tribenzoyl-4 : 6-benzylideneglucose Brigl and Griiner [1932] 
1: 2: 3-Tribenzoylglucose 
1: 2: 3-Tribenzoyldiacetylglucose 


1:2:3:4-Tetrabenzoylglucose 
1:2:3:4-Tetrabenzoylmonoacetylglucose 


1:3:4:5-Tetrabenzoylfructose Brig] and Schinle [1933] 
1:3:4:5: 6-Pentabenzoylfructose ; 


* The reducing properties of this compound were not mentioned by Zervas but it was pre- 
pared by us by Zervas’s method and found to be reducing. 
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Compound 
(1) B-Benzoyl 
(2) B-Phenyl 
(3) B-d-Bornyl 
(4) B-l-Bornyl 
(5) B-l-Menthyl 
(5) «-l-Menthyl 
(6) B 
(7) Urea 


2 


Quick [1926, 


» 


and corresponding d-glucuronides. 


d-Glucoside 


a guts 
[a]p Solvent M.P. 
— 26-8° Water 193° 
- 71-7 Water 176 


- 42-4 Alcohol 135 


— 93 
+ 64 


-Phloroglucinyl — 74 


— 60-1 Aleohol — 
“6 Aleohol 76 
Alcohol 160 

8 Water 239 

“4 Water 207 


—23 


*] 


totation of sodium salt. 


(8) 

(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 


+ Rotation of potassium salt. 
{ Calculated from rotation of barium salt. 


(14) 


| studied polarimetrically the action of NaCN on benzoyl- 
glucuronic acid (cf. Fig. 1) and considered that the observed changes were due 








66-6 


104-6 
52 

80-87 

21-2t 
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d-Glucuronide 


Table II. Rotations and melting-points of d-glucosides 


Solvent 
Water 
Water 
Water 
Water 
Alcohol 
Alcohol 
Water 
Water 


Sera, 1914]. (15) [Neuberg and Niemann, 1905}. 


+ ) 


Time in hours 


Present investigation with KCN, 


It is also found that certain nitrogenous glycosides, such as the amino- 
acid- and the amino-acid ester-glycosides [Maurer and Schiedt, 1932] and 
glucosidureides [Haring and Johnson, 1933] reduce Fehling’s solution owing to 
hydrolysis in the presence of alkali. 
Secondly, an examination of the optical rotations of B-d-glucosides and the 
corresponding $-d-glucuronides shows these to be roughly of the same order. 
This observation accords with the expectation that the change of —CH,OH 
to —COOH should have but a small influence on the rotation. Table II gives 
all the data available on this point and it will be noted that benzoylglucuronic 
acid and 1-benzoyl-8-d-glucoside [Zervas, 1931] fall in line with the others, thus 
giving further evidence for the 1-benzoyl-structure of benzoylglucuronic acid. 


M.P. 


183 
151 
174 
110 
130 


(1) [Zervas, 1931]. (2) [Fischer and Mechel, 1916]. (3) [Fischer and Raske, 1909]. (4) [Hama- 
laienen, 1913]. (5) [Fischer and Bergmann, 1917]. 
1926; Fischer, 1914]. (8) This investigation. (9) [Salkowski and Neuberg, 1906]. (10) [Magnus- 
Levy, 1906]. (11) [Pryde and Williams, unpublished results]. (12) [H. Fischer, 1911]. (13) [Berg- 
mann and Wolff, 1923]. 


(6) [Fischer and Strauss, 1912]. (7) [Hynd, 


Fig. 1. The action of KCN and NaCN on benzoylglucuronic acid. O Quick [1926, 2] for NaCN; 


to mutarotation (i.e. of a 2-benzoylglucuronide) and the formation of a cyano- 
hydrin of benzoylglucuronic acid, B (p. 1213). We have obtained similar results 
using KCN, but owing to the instability of the benzoyl group in the presence of 
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cyanide, a quite different interpretation is necessary. The alkalinity of the cyanide 
causes hydrolytic fission of the benzoyl radical and mutarotation and formation 
of the cyanohydrin of glucuronic acid, A (not benzoylglucuronic acid) follows. This 
view is supported by the fact that free benzoic acid was isolated when a solution 
of benzoylglucuronic acid and KCN was allowed to stand for 24 hours, and 
benzoylglucuronic acid does not react with HCN without splitting off benzoic 
acid. Since more than one molecule of cyanide [cf. Quick, 1926, 2] is required to 
react completely with one molecule of benzoylglucuronic acid, it is evident that 
some cyanide is used in hydrolysis. 


in 
C,H,CO.0.CH— HOCH 
| | 
(CHOH), 0O+2KCN+H,O= (CHOH), 0+(C,H,COOK +2HCN 
: 


es HO— 
| | 
COOH COOK 
one —— HCOH.CN 
| | 
(CHOH), O+HCN = (CHOH), 
| | 
HC —— COOK 
Rt 4 
COOK =e 
and not HOCH ———_—— HCOH.CN 
| | | 
HC.0.CO.C,H; HC.O.CO.C,H, 
| O+KCN = | 
(CHOH), | (CHOH), 
| 
re. COOK 
| 
COOH B. 


Attempts to methylate benzoylglucuronic acid with Ag,O and Mel, or with 
diazomethane failed, since the compound was hydrolysed during methylation and 
the benzoyl group was split off and formed methyl benzoate. 

Improvements were effected in Quick’s method [ 1926, 2] of preparing benzoyl- 
glucuronic acid, and a purer specimen of the acid was obtained, m.P. 183° (Quick 
quotes M.P. 170-172°). 

EXPERIMENTAL. 
The preparation and purification of benzoylglucuronic acid. 

Benzoylglucuronic acid was prepared by Magnus-Levy [1907] as the strych- 
nine and sodium salts from the urine of a sheep fed on sodium benzoate, while 
Quick [1926, 2] prepared the free acid from the urine of dogs similarly fed. In 
the present work 5 g. of benzoic acid were fed daily to each of several small 
dogs, the acid being contained in small gelatin capsules which were given with 
meat. The urines were collected every 24 hours and preserved with toluene. The 
urines were acid in reaction (p;, 3-4) and were laevorotatory. They were worked 
up every 3 days as follows. All reagents were kept cold in the refrigerator. The 
urine, after addition of a little acetic acid, was precipitated exactly with normal 
lead acetate and filtered. The filtrate was brought to p, 6-7 with cold dilute 
ammonia and then precipitated with ice-cold saturated basic lead acetate. The 
precipitate was filtered immediately on a large Biichner funnel under suction 
and washed several times with ice-water. The precipitate was made into a thin 
paste with ice-water and decomposed with H,S, and the lead sulphide filtered off 
through Seitz “Brilliant” asbestos. The filtrate was again treated with H,S 
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to ensure complete removal of lead, which interferes with the successful crystal- 
lisation of benzoylglucuronic acid. The clear filtrate was aerated to remove 
HS and concentrated in vacuo until crystallisation of hippuric acid set in. The 
solution was then allowed to stand and the hippuric acid filtered off. At this 
point the filtrate was shaken with an equal volume of chloroform. The chloroform 
layer became red owing to extraction of pigments and also dissolved any free 
benzoic acid (which may be separated on evaporation of the chloroform). After 
separation of the chloroform layer, the aqueous layer generally deposited crystals 
immediately, and the crystallisation was completed in the refrigerator. The 
crude benzoylglucuronic acid was filtered off and recrystallised from a little 
hot water (decolorising with norite charcoal) and dried in a desiccator over 
CaCl,. The dried acid still contained hippuric acid and possessed a slight yellow 
colour. It was now pulverised (5 g.) and shaken up with ether (200 cc.). The 
ether was renewed three times in 24 hours; each time the acid was shaken with ether 
and allowed to stand until the ether was renewed. The product still contained 
traces of hippuric acid and was dissolved in a little methyl alcohol and the 
solution decolorised with norite. The filtered methyl alcohol solution was then 
precipitated with 20 times its volume of dry ether and the whole allowed to 
stand in the refrigerator to complete the crystallisation of the precipitated 
benzoylglucuronic acid, which crystallised gradually but completely from the 
solution in aggregates of short, stout, radiating needles, colourless and free from 
traces of hippuric acid which was retained in the ether. The ether was decanted 
and the erystals dried. 

They had m.P. 183°; [«]5|,, — 29-9° in water (c = 1-639); [x]p — 25-3°; yield 
5 g. from 36 g. benzoic acid fed. The acid is soluble in methyl and ethyl alcohols 
and water, slightly soluble in ethyl acetate and insoluble in ether and chloroform. 
Found, C, 52-2; H, 4-85 %; C,,H,,O, requires C, 52-3; H, 4:7 %. 

The action of KCN on benzoylglucuronic acid. 

0-25 g. of benzoylglucuronic acid was dissolved in an aqueous solution of 
potassium cyanide. The solution was clear initially, but after about 1 min. be- 
came opalescent and then cleared up again. The whole was allowed to stand with 
an equal volume of chloroform in a corked flask for 24 hours at room temperature. 
A similar solution was made up omitting the cyanide. The chloroform layer was 
then separated and evaporated at low temperature in vacuo. A crystalline 
residue was obtained in the case where KCN was added but no residue was 
obtained in the other case. The crystalline residue consisted of typical platelets 
of benzoic acid (m.P. 117° on recrystallisation from ether) and gave all the 
qualitative tests for this acid. It is probable that the greater proportion of the 
benzoic acid was converted into potassium benzoate. Similar experiments were 
made using NaHCO, instead of KCN but no free benzoic acid was obtained, 
since it was probably converted entirely into sodium benzoate. 

The action of KCN was also followed polarimetrically ; 0-1312 g. of benzoyl- 
glucuronic acid was dissolved in 10 cc. of water, and 7 ec. of the solution were 
mixed with 2 cc. of a solution of KCN (0-1405 g. in 10 ec.) and the change in 
rotation observed polarimetrically. The results are given in Fig. 1, which also 
gives the data of Quick [1926, 2] for the action of NaCN. 


SUMMARY. 

Conjugated glucuronic acids can be divided into three types; the glycoside- 
“ether ’”’ type, the glycoside-“‘ester”’ type and a third type which is a combination 
of the first and second types. Benzoylglucuronic acid (a glycoside-*‘ester”’ 
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derivative) has been prepared in a state of purity, and full analytical data are 
recorded for the first time. Like all glycosides containing a 1-benzoyl radical, 
benzoylglucuronic acid reduces sugar reagents owing to the ease of hydrolysis 
of the benzoyl radical. A study of the action of KCN on benzoylglucuronic 
acid, and certain other theoretical considerations, suggest that it is a 1-benzoyl 
derivative of glucuronic acid, and not a 2-benzoyl derivative. Attempts to 
methylate it with methyl iodide and silver oxide and with diazomethane failed 
since the benzoyl group is very unstable and is split off as methyl benzoate. 


The expenses of this research were in part defrayed by the Medical Research 
Council, and one of us (R. T. W.) is indebted to the Council for a whole-time 


assistance grant. 
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CLXIV. A NOTE ON THE TECHNIQUE OF ASSAY- 
ING POSTERIOR PITUITARY EXTRACTS FOR 
OXYTOCIC ACTIVITY. 


By JOHN MASSON GULLAND. 


From the Biochemical Department, Lister Institute, London. 
(Received June 20th, 1933.) 


THE assay of posterior pituitary extracts for oxytocic activity by the guinea-pig 
uterus method necessitates the use of carefully segregated, young, virgin guinea- 
pigs, of which the weights lie between relatively close limits. It is well known 
that in spite of every care and precaution the uterine horns of some apparently 
suitable guinea-pigs prove unsatisfactory for making the assay. From these 
and other considerations, it is desirable to record any procedure which reduces 
the wastage of potentially suitable animals. 

It is not generally realised that uterine horns may be preserved in Ringer 
solution. From the experience of the many oxytocic assays which have been 
made in this laboratory during the past 18 months it is now the practice to 
remove both horns from every guinea-pig and to place them separately in 
plugged, sterile test-tubes containing Ringer solution (5-10 cc.) of the same 
composition as is used in the testing-bath (for composition, 
see Burn [1928]). The tubes are then placed in the cold store 
at 0-1° until the horn is to be used. It has not been customary 
to allow horns to remain at 0° for longer than 30 hours, although 
occasionally satisfactory contractions have been obtained with 
older preparations. During the assay horns treated as described 
above completely resemble those which are placed in the bath 
immediately after their removal from the animal. 

By following this procedure both horns of every suitable ied 
guinea-pig may be utilised when only one testing bath is inuse. —S— | 
The saving in animals is obvious. a 

The following modification of the standard apparatus 
[Burn and Dale, 1922; Burn, 1928] simplifies the assay of 
oxytocic activity. The outlet of the bath is joined by a sleeve | | 
of rubber tubing (see Fig. 1) to a two-way glass tap; one limb | | 
of this (B) can be closed by a pinch-clip and is also fitted with 
a side-tube (C) as close to the barrel of the tap as possible. 
Warm Ringer solution from the reservoir enters at (C) by a siphon which has 
neither tap nor pinch-clip. 

The following sequence is observed for each contraction. (1) The bath is 
emptied through the outlet (A), and simultaneously the siphon from the 
reservoir is flushed out with warm Ringer solution by opening the pinch-clip; 
(2) the pinch-clip being closed, the bath is filled by turning the barrel of the glass 
tap through 180°, and then through 90° to close the tap. 


Bath 






Waste 
Fig. 1. 
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The advantages of this modification are (a) simplicity and speed of 
manipulation, and (5) the avoidance of a “‘dead” space in the tube beneath the 
bath; this space, if present, is not flushed out with fresh Ringer solution, and 
thus spent Ringer solution and pituitary extract are inevitably carried back 
into the bath by the fresh supply of Ringer solution from the reservoir. 
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CLXV. THE OXYTOCIC HORMONE OF 
THE POSTERIOR LOBE OF THE 
PITUITARY GLAND. 


II. THE ACTION OF NITROUS ACID AND 
NITRIC ACID. 


By JOHN MASSON GULLAND. 
From the Biochemical Department, Lister Institute, London. 


(Received June 27th, 1933.) 


Ir has frequently been recorded that the addition of a base-precipitating reagent 
to a crude or partially purified pituitary extract removed the oxytocic hormone 
in association with the precipitates formed by organic bases (possibly proteoses 
or peptones [ Abel and Pincoffs, 1917]). This fact led to the view that the hormone 
itself is a base, till Dudley [1923] drew attention to the unsatisfactory character 
of this evidence in view of the ease with which the hormone is absorbed by 
various precipitates. 

The apparent destruction of oxytocic activity by proteolytic enzymes such 
as trypsin and papain, which occurs when preparations of these enzymes act 
on the hormone [ Dudley, 1919; Dale and Dudley, 1921; Thorpe, 1926; Freuden- 
berg ef al., 1932] has been regarded as indicative of a peptide structure. Poly- 
peptides which occur naturally usually contain free amino- or basic imino- 
groups. 

Thus, although the evidence for the presence of a basic group was indecisive, 
it was desirable to study the behaviour of the hormone with nitrous acid. 
Hitherto, apart from sodium hydroxide and hydrochloric acid, chemical reagents 
have not been used with the deliberate intention of destroying the oxytocic 
substance, and the suitability of nitrous acid for these pioneer experiments was 
enhanced by the ease with which it can be estimated and by the fact that it may 
be employed at the hydrogen ion concentration at which the hormone is most 
stable [Adams, 1917; Gaddum, 1930]. 

Preliminary experiments with a weak commercial posterior lobe extract (10 
international oxytocic units per cc.) showed that the oxytocic activity was lowered 
to about 20 % of its initial value by treatment with nitrous acid at py 3 for 
about 30 hours. It was evident that the true significance of the interaction with 
nitrous acid could only be assessed by following the progressive fall in physio- 
logical activity with the passage of time. Moreover, it was necessary for the 
following practical reasons to use preparations of the hormone in which high 
oxytocie activity was associated with small amounts of organic solids in con- 
centrated solution [Gulland and Newton, 1932]: sodium nitrite in concentrations 
greater than a certain value would have an effect on the isolated uterus during 
the assay; inactive glandular material would potentially exhaust the supply of 
nitrous acid unnecessarily and might necessitate the presence in the testing 
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bath of excessive quantities of salts (hypertonic solutions); the oxytocic value 
might fall to much less than 20 % of its initial value. 

In Exps. 1 and 2 an initially large excess of nitrous acid was permitted to 
react with a hormone preparation in ice-cold acetate buffer at p, 3. Samples 
were brought to p;, 7-4 after withdrawal, in order to arrest the action of nitrous 
acid, and were then preserved at 0° for the oxytocic assay. Samples mentioned 
in this paper were assayed by the degree of contraction they produced in the 
isolated uterus of the guinea-pig, the method followed being that of Dale and 
Laidlaw [1912] as modified by Burn and Dale [1922] and Burn [1928]. The 
method of grouping the contractions illustrated in a previous communication 
[Gulland and Newton, 1932] was adopted in every case, except in Exp. 3 as 
stated. 

In the first experiment (Fig. 1) the oxytocic activity had fallen to 32 % of 
its initial value in the course of 3 minutes, the point at which the first sample was 
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taken. Thereafter it slowly diminished to 16-18 % at 48 hours and remained 
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constant at that strength (Table I). An estimation of nitrous acid made at 

48 hours showed that only 6 % of the original amount remained. Two ex- 

f planations of these results are therefore possible; nitrous acid may have a dual 

effect on the hormone, or, alternatively, its action may reduce the potency to 

18 %, the flattening of the curve being the combined results of progressive 
diminution of active substance and of reagent. 

In the second experiment (Fig. 2), which was designed to distinguish between 

these alternatives, a large excess of nitrous acid was again used, but in this case 
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its concentration was maintained relatively high by the replacement with fresh 
nitrite solution of the volumes removed for assay. Both residual oxytocic 
activities and concentrations of nitrous acid were estimated throughout the 
reaction (Table II). In the course of 1 minute the activity fell to 37 % of its 
initial value and after 15 minutes was still 34 %. It is important to note that 
no significant diminution of the large excess of nitrous acid had occurred even 
after 25 minutes had elapsed from zero. 

After a 3-hour period of less violent inactivation the rate of destruction then 
decreased markedly, and the oxytocic activity remained almost constant for 
8 hours (falling from 22 to 19 % between 33 and 11} hours). During the first 
12 hours of the experiment the nitrous acid diminished steadily, but at that 
point its concentration was still 2-1 mg. per cc., the ratio of the weights of solid 
associated with the hormone and of nitrous acid being 1 : 26. It is evident therefore 
that the markedly decreased inactivation amounting almost to stabilisation of 
physiological value, which occurred between 3} and 11} hours, had taken place 
in presence of a considerable excess of nitrous acid. 

The addition at 12 hours of nitrite solution, sufficient to restore the con- 
centration of nitrous acid to more than its initial value, then produced a renewed 
increase in the rate of oxytocic inactivation. This increased rate was not main- 
tained, however, and during the latter half of the experiment the oxytocic 
activity fell slowly but steadily whilst the concentration of nitrous acid was 
twice restored almost to its original value. This experiment was not prolonged to 
include activities of less than 2 % (see, however, Exp. 3). 

It will be observed that although it has not been possible to maintain the 
concentration of nitrous acid at a uniform value during Exp. 2, the average 
(about 4 mg. per cc.) is a large excess as compared with the weight of glandular 
solid (0-08 mg. per cc. at the beginning of the experiment), of which only a small 
part can possess oxytocic properties. The apparently large utilisation of nitrous 
acid during the experiment is undoubtedly the result of that decomposition of 
nitrous acid which occurs in aqueous solutions when exposed to air [Ray et al., 
1917; Klemene and Pollak, 1922; Taylor et al., 1927]. 

In a subsequent experiment (Exp. 3) in which the nitrous acid was renewed 
repeatedly during a week the oxytocic strength was 0-15-0-2 ° after 2 days and 
about 0-1 % after 7 days. It is difficult to assay accurately such feebly active 
solutions, and almost impossible to do so when, as is the case here, salts are 
present in quantities sufficient to upset the isotonicity of the fluid in the testing 
bath. These values are therefore based on a direct comparison of the heights of 
contractions evoked by a few selected doses of the experimental solution and 
standard. It is evident that even after prolonged treatment with nitrous acid 
the decomposition products of the hormone still retain an oxytocic effect, which, 
although small as compared with that due to the hormone itself, is by no means 
inconsiderable. The solid present in a dose used in the assay of Exp. 3 produced 
a 60 °% contraction at a dilution of 1 in 30,000 in the testing bath; moreover, 
the preparation used in this experiment contained only 45 % of the activity of 
the most potent preparation of Gulland and Newton [1932], which itself was 
undoubtedly far from being pure hormone. Clearly, therefore, the active sub- 
stance resulting from the prolonged destructive action of nitrous acid could, if 
obtained pure, exert an oxytocic effect at a great dilution. It is possible, however, 
that this substance is present in the original pituitary solution and that it is not 
a decomposition product of the hormone. 

An explanation of the results of Exps. 1, 2 and 3 may be sought by con- 
sidering them from three aspects; of these, the first only is acceptable. 
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(1) Nitrous acid and the products of its oxidation or decomposition may have 
a triple action on the hormone molecule. The first attack is very rapid and 
produces a substance having an activity equivalent to about 35 % of that of the 
hormone; the second reaction is less rapid, apparently proceeds in presence of 
relatively small concentrations of nitrous acid as compared with the third 
reaction and produces a substance having an activity of about 20 % of that 
of the hormone; the third reaction is slow, requires a large excess of nitrous acid 
and reduces the activity to about 0-1 % of that of the hormone. These reactions 
would presumably occur concurrently. The differentiation between the second 
and third reactions is not quite sharp from these results, but it is also supported 
by the results of Exp. 4 (below), and is confirmed in Exps. 5 and 6. 

(2) Nitrous acid may have one action on the hormone, reducing the oxytocic 
activity to a fraction (less than 1 °%) of its initial value. In this case there would 
be two variables, viz. the concentrations of nitrous acid and of oxytocie sub- 
stance, and since the concentration of nitrous acid remains high and relatively 
constant over the early part of Exp. 2, the oxytocic value should have become 
very small in (say) 5 minutes. In fact, however, it is still 34 % after 25 minutes 
have elapsed from zero, and this explanation is therefore invalid. 

(3) Nitrous acid may have one action only, which reduces the oxytocic value 
to 20 % . The residual fall in activity, as shown for example in Fig. 2, would then 
be due to decomposition of the product at p, 3 in the experimental solution 
irrespective of the presence of nitrous acid, or at py 7-4 in the samples. The 
Py-stability of the oxytocic substances in samples from Exp. | has been tested. 
The samples taken at 1 hour (30 % activity) and at 48 hours (16-18 %) were 
both unchanged in activity after remaining at p, 7-4 for a week. A sample 
taken at 48 hours was stable at py, 3 for 12 days. 

The alternative explanations involving a single action of nitrous acid are 
thus untenable, and it is concluded that the hormone undergoes three trans- 
formations during the action of nitrous acid. The possibility has not been over- 
looked that facile contraction of the uterus is only evoked by two or more 
hormones acting in unison and that these are destroyed at different rates by 
nitrous acid. This explanation seems improbable, and the simpler alternative 
is preferable as a basis for further investigations. 

An attempt was made (Exp. 4) to study the p,-stability of the first product 
(35 % activity) of the action of nitrous acid by destreying the reagent with an 
excess of glycine at 37°. The desired end was not attained, since the increased 
temperature naturally hastened the inactivation of the hormone by nitrous acid 
or the products of its decomposition as well as the destruction of nitrous acid by 
glycine; by the time -that the concentration of nitrous acid had become ex- 
tremely small, the oxytocic activity had decreased to 20%. It is, however, 
noteworthy that this value also represents the state of activity in Exps. 1 and 2 
when nitrous acid is present in small, but definite, amounts. As already men- 
tioned, this supports the existence of three reactions between the hormone and 
nitrous acid or its decomposition products. 

It was clear that the chief barrier to a complete differentiation of these three 
reactions was the variable concentration of nitrous acid in Exps. | and 2. An 
experiment was therefore carried out (Exp. 5), in which the hormone in acetate 
buffer at p, 3 was subjected for 30 hours to the action of nitrous acid at con- 
centrations which fluctuated only between 1-4 and 1-6 mg. per cc. (Fig. 3). The 
concentration of nitrous acid was estimated at approximately hourly intervals, 
the loss through decomposition being made up by the addition of sodium nitrite 
solution; samples were withdrawn for oxytocic assay at appropriate times. This 
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experiment thus represents the closest practicable realisation of a study of the 
inactivation of the hormone in presence of a constant concentration of nitrous 
acid. Here, as in the previous experiments, the hormone suffered an extremely 
rapid inactivation during the first few minutes, and in the course of about 
40 minutes the activity had decreased to about 35 % of its initial value. There- 
after the inactivation proceeded slowly throughout the experiment, and the 
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Fig. 3. 


oxytocic value was still 22 % after 30 hours. This experiment, considered in 
conjunction with those described above, demonstrated conclusively that two 
reactions are needed to reduce the oxytocic value to 20 °% and makes it probable 
that the second of these (causing a fall from 35 to 20 %) is not the same as the 
slow reaction (20 to 0-1 %) observed in Exp. 2. 

The sole factor which has not been considered is the action of the decom- 
position products of nitrous acid. It is generally accepted that in contact with 
air there is a certain amount of oxidation accompanied by the reaction 
3HNO, — HNO, + 2NO + H,O [Montemartini, 1890]. The ultimate products of 
the oxidation of nitric oxide by air in presence of water are nitrous and nitric 
acids, so that the decomposition product of nitrous acid which is likely to be of 
importance in the present instance is nitric acid. The oxytocic activity falls to an 
estimated value of about 90 ° when the hormone is acted on at 0° by a solution 
of sodium nitrate at py, 3 (Exp. 6). The technique used in the nitrous acid 
experiments was adopted here, and the assay is complicated by the instability 
at py, 7-2 of the product of this reaction and its consequent destruction in the 
samples. Two important points emerge from this experiment. 

In the first place, the 42-hour sample contained more of the unstable product 
of the reaction than did the 22-hour sample, because its inactivation at py 7-2 
was very much greater in a shorter time. Secondly, the product of the action of 
nitric acid is not the same as the first, rapidly formed product of the action of 
nitrous acid, because in Exp. 1 the sample containing the latter substance was 
assayed immediately and the activity remained unchanged for a week at py, 7-4. 
This excludes the possibility that the inactivation at the beginning of Exp. 6 is 
due to small amounts of nitrous acid formed by the reduction of nitric acid by 
the hormone or by inactive glandular material. 

The activity of the 88-hour sample in Exp. 6 appears to be lower than might 
be expected. If this is so, it may be due to p,,-instability of the sample or to 
the action of traces of nitrous acid formed by the reduction of nitric acid. For 
these reasons it would be difficult to ascertain the oxytocic strength of the 
product of the action of nitric acid, but uncertainty as to the true value does not 
affect the present discussion. 
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From the latter part of Exp. 6 it was ascertained which of the three successive 
inactivations of the hormone in presence of nitrous acid is due to nitric acid. At 
89 hours solid sodium nitrite was added in amount equivalent to a concentration 
of 2-5 mg. of nitrous acid per cc. of the reaction mixture. It was estimated that 
this amount of nitrous acid would have been sufficient to reduce the activity 
of the hormone to 20-25 % if added directly to its solution. The mixture 
was re-adjusted to py, 3 and preserved at 0°. 70 hours later free nitrous acid 
was still present, and the activity was found by assay to have fallen to 25 % 
of the initial value of Exp. 6. Several days later, when nitrous acid could no 
longer be detected, the activity had become 20 %. If nitric acid is responsible 
for the slow inactivation which occurred, for example, at the end of Exp. 2, 
then the value at the end of Exp. 6 would have been far below 20 %. If nitric 
acid causes the fall in activity from 35 to 20 % (Exps. 1, 2 and 5), then the 
predicted value for the activity at the end of Exp. 6 would have been 20 %. 
Clearly, therefore, the fall from 35 to 20 % is due wholly or in part to the action 
of nitric acid. It is not possible at present to be certain that this phase of the 
inactivation is solely due to nitric acid. It should be noted that the substance 
of 20 % activity in Exp. 6 was stable at p,, 7-2 and 0°. 

The following diagram summarises the decompositions which the hormone 
and its derivatives undergo when nitrous acid is added to its aqueous solution 
at py 3 when exposed to air. It is considered probable that the substance B is 
obtained irrespective of the order in which nitrous and nitric acids react with 
the hormone, in view of the oxytocic value of B when prepared by either route, 
its stability as compared with that of C, and the unavoidable presence of nitric 
acid in a nitrous acid solution after exposure to air. 

Hormone 
(100 %) 








HNO, | HNO, 
[ rapid a i a — ace i 
| } 
A ae —>B< eo 
(35 %) HNO; (20 %) HNO, (about 90 %) 
Stable at py 7-4 Stable at py 7-4 Unstable at py, 7-2 
HNO, | slow 
} 
D 
(0-1 %) 


Valuable evidence from the constitutional standpoint may be drawn from 
the fact that the oxytocic activity may be destroyed in stages, or in other words, 
that the nature of the hormone is such that it is possible to prepare a series of 
derivatives which possess the power of contracting smooth muscle. This fact, 
which has not hitherto been demonstrated, forms the starting point for further 
investigations. 

In view of the manifold activities of nitrous acid in acetic acid solution, for 
example, its interaction with amines, imines, phenols, amino-alcohols and active 
methylene groups, it is impossible from the available evidence alone to deduce 
the presence of definite structures in the hormone molecule. It will be recalled, 
however, that amino-groups in the «-position to carboxyl groups or peptide 
linkages react rapidly with nitrous acid, whereas the velocity decreases pro- 
gressively as the amino-group is moved away from the carboxyl along a carbon 
chain; thus, Dunn and Schmidt [1922] find that at 5° the «-amino-group of 
alanine reacts about three times more rapidly than does the «-amino-group of 
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lysine, which in turn surpasses in reactivity the guanidine group of arginine 
[Plimmer, 1924]. An investigation is in progress of the possible presence of such 
groups in the hormone molecule. 

It is to be expected that the action of very dilute nitric acid at py 3 would 
be oxidative, and it is hoped to correlate the results now presented with those 
derived from a study of the effect of other oxidising agents on the hormone. 


EXPERIMENTAL. 


Exp. 1 (Table I). Cooled sodium nitrite solution (1-0 cc. containing the 
equivalent of 40 mg. of nitrous acid) was added to an ice-cold mixture of distilled 
water (1-0 cc.), acetic acid (3-0 cc. of 9-4.N) and purified hormone solution 
(3-0 cc., containing 30 units associated with 0-25 mg. of solid). This mixture 
(8-0 cc. at py 3) was preserved in ice throughout the experiment. Samples 
(1-0 cc.) were withdrawn, mixed with ice-water and sodium hydroxide (0-45 ce. 
of 33 %), diluted to 10-0 cc. at py 7-4, preserved at 0° and assayed as shown in 
Table I. A control experiment showed that the response of the uterus to doses 
of oxytocic solutions of the strengths used in these tests was unaffected by 
sodium nitrite at a dilution comparable with that present in the assay of the 
first sample. 


Table I. (Exp. 1.) 


Oxytocic 


activity Nitrous acid 
Time °, of by starch Stability at py 7-4 and 
hours initial value iodide test 0° % of initial value 
0-05 32 - 
l 30 30 after 11 days 
2 32 - 
4 z 
7 ; 
13-3 20 - 
32 18 . 
48 16 5-9 % of 16 after 6 days 
initial value* 
96 
288 18 


* Colorimetrically by Ilosvay’s reagent ['Treadwell, 1922] using barium nitrite as standard. 


Exp. 2 (Table I1). Sodium nitrite solution (5-0 cc., equivalent to 200 mg. of 
nitrous acid) was added to a cooled mixture of water (4-0 cc.), acetic acid (15-0 cc. 
of 9-4.N) and purified hormone solution (1-0 cc. containing 200 units associated 
with 1-95 mg. of solid). This mixture (25-0 cc.) was maintained at 3° during the 
experiment; the reaction remained unchanged at py, 3. Samples, when with- 
drawn, were brought to p,;, 7-4 and 10-0 cc. with sodium hydroxide and pre- 
served at 0°. Estimations of nitrous acid were made by means of the [losvay 
reagent and dilutions of 0-1 cc. of the mixture. 

Exp. 3. It is unnecessary to describe this experiment in detail. A mixture 
(9-0 ce.) of purified hormone solution (3-0 ce., containing 900 units), 9-4.N acetic 
acid (5-0 cc.), and sodium nitrite solution (1-0 cc., equivalent to 400 mg. of 
nitrous acid) was preserved at 0° for 7 days. Samples for assay were withdrawn 
on the 2nd, 3rd, 5th and 7th days, and sodium nitrite solution was added on 
six occasions so that the concentration of nitrous acid varied between 14 and 
3-6 mg. per cc. Glacial acetic acid was occasionally added to maintain the 
reaction at p,, 3-4-3-5. The essential results are given on p. 1220. 
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Table IT. (Exp. 2.) 


Oxytocic With- Nitrous 
strength drawn Nitrous acid 

With- as % foresti- acidin Nitrous added 

Time drawn of total mationof volume acid (50 mg. 

VW for initial nitrous present perce. per cc.) 

hrs. min. assay value acid, ce. mg. mg. mg. Volume 
0 —_ 100 — 200 8 -— 25-0 
] 1-0 37* = -= - = 24-0 
15 1-0 34* — — --- — 23-0 
25 — — 0-1 152 6-6 - 22-9 
3 06 — — 0-1 150 6-0 — 22-8 
3 30 1-0 22 ~— --- - --- 21-8 
7 15 — 0-1 77 3°5 — 21-7 
11 30 1-0 19 — —  * _ 20-7 
12 0 — — 0-1 43 2:1 — 20-6 
12 0 16-5 cc. of the reaction mixture were withdrawn and mixed with 3-5 cc. of 

sodium nitrite solution, equivalent to 40 mg. of nitrous acid per cc. 
12 6 — = — 174 8-7 — 20-0 
29 0 1-5 6-6 = = -— oo 18-5 
29 0 — — 0-1 37 2-0 — 18-4 
29 0 — — — = —— 85 20-1 
29 0 — — 0-1 130 6-5 — 20-0 
53 (OO 1-5 4-2 = — - - 18-5 
53 (0 — — 0-1 36 2-0 — 18-4 
53 (OO — -—- aoe = — 85 20-1 
53 0O — -- 0-1 139 6-9 = 20-0 
78 0O 1-5 2-2 — - - -= 18-5 
78 30 — — 0-1 34 1-8 — 18-4 


* A direct comparison of these solutions confirmed their relative oxytocic strengths. 


Exp. 4. Cooled sodium nitrite solution (1-0 cc. equivalent to 40 mg. of 
nitrous acid) was added to ice-cold purified hormone solution (2-0 cc., containing 
60 units associated with 0-58 mg. of solid) and 9-4. acetic acid (3-0 cc.). The 
mixture (at p,, 3) was preserved in ice for 15 mins., then mixed with an aqueous 
glycine solution (4-0 ec., containing 320 mg. of glycine; 5 mol. to 1 mol. nitrous 
acid), and incubated at 37°. Preliminary experiments (not published) had shown 
that this treatment rapidly reduced the nitrous acid to a small concentration, 
and that relatively large amounts of glycine and glycollic acid did not interfere 
with the oxytocic assay. 

Estimations were made of the concentration of nitrous acid by the Ilosvay 
reagent; at 14 hours this was 1-6 % of the initial value, and at 4 hours 
0-003 %. 

At 41 hours, 3-0 ce. of the reaction mixture were brought to 10-0 cc. at py 7:2, 
and the remainder was left at p,, 3. 7 days later, 3-0 cc. of the remainder were 
brought to 10-0 cc. at p,, 7-4. All solutions were kept in ice. 

The sample of 3-0 cc. taken at 4} hours contained in all 3-57 units, whereas 
that taken after 7 days at p,, 3 contained 2-86 units. Since the initial content 
of 3-0 cc. of the experimental solution was 18 units, these values represent 
oxytocic strengths of 20 and 16 % of the initial value. It is uncertain whether 
this slight decrease is due to the presence of the residual traces of nitrous acid 
in the experimental mixture or to p,-instability at py 3 or 7-4. 

Exp. 5 (Table III). Cooled sodium nitrite solution (4-0 cc., equivalent to 
42 mg. of nitrous acid per cc.) was added to a cooled mixture of glacial acetic 
acid (10-0 cc.) and purified hormone solution containing 3 oxytocic units per cc. 
This mixture was kept in ice-water during the experiment and the temperature 
remained fairly constantly at 5°. The initial p,, was 3; this remained unchanged, 
and was tested at 5, 9, 15, 22 and 30 hours. At the times shown in Table IIT 
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Table III. (Exp. 5.) 





































Conen. of Added Conen. of 
HNO,, mg. SE HNO,, mg. 
Time Removed per cc. of Sodium per cc. of Volume after 
for assay Oxytocie reaction nitrite Water reaction treatment, cc. 
hrs. min. ec. value, °4 mixture* ce. ee. mixture (estimated) 
0 - 1-47 -— -— — 114-00 
3 5-00 55 — — — — 109-00 
9 - 1-27 — - - 108-90 
24 . . 0-63 0-46 1-50 109-99 
34 5°05 37 - — - 104-94 
— 46 _ 1-49 _ - 104-84 
1 30 5-05 33 7 = — 99-79 
1 39 - 1-45 —_ — — 99-69 
3.0 5-05 30 . _ 94-64 
3.9 : 1-37 - - 94-54 
3 29 - ‘ 0-45 0-50 1-56 95-49 
3 34 ~ - 1-56 - - - 95-39 
4 30 5-10 ; . Z - 90-29 
4 39 _ 1-50 aa = . 90-19 ; 
5 9 5 : 1-48 ei - ; 90-09 
6 0 5-10 27 : ine ‘ 84-99 
6 14 - 1-42 - - - 84-89 
6 34 — - — 0-30 0-55 1-55 85-74 | 
7 14 - 1-58 : - 85-64 
Ss Uv 515 - - 
8 14 1-52 - 
9 14 - -— 1-42 - - 
9 24 — - 0-30 0-50 1-56 81-09 
10 O 5-20 . = ; ae 75-89 
10 14 1-53 - - 75-79 
ll 39 - 1-46 - - - 75-69 
12 0 5-20 26 — —- - 70-49 
12 39 . - 1-40 — 70-39 
12 54 — — 0-20 0-50 1-50 71-09 
13 39 - — 1-48 " - 70-99 
14 0 5-25 . . . 65-74 
14 39 1-43 - 65-64 
14 54 - 0-34 0-32 1-63 66°30 
5 39 - 1-49 ~ 66-20 
16 O 5-30 . it — 60-90 
16 39 . 1-34 60-80 
16 52 . 0-38 0-23 1-58 61-41 
17 39 1-54 - 61-31 
is 0 5°35 - — j 
18 39 - 1-50 
19 39 1-46 
19 54 0-13 0-43 1-54 
20 O 5°40 25 — 
20 39 1-42 
20 54 0-22 0-29 1-58 
21 39 1-55 
22 ¢ 5°45 
22 39 1-50 - 
23 39 1-39 
23 54 0-22 0-24 1-57 
24 O 5-50 
24 39 1-53 
25 39 1-43 
26 O 5°50 : 
26 14 0-16 0-19 1-60 
26 39 1-52 
2 1-41 
27 54 0-14 0-21 1-56 
28 14 55D 
28 39 1-50 29-69 
29 49 1-41 29-59 
30.=«°08 5°55 22 24-04 


Actual volume at end of experiment 23-0 cc. 
* Determined in samples of 0-1 cc. withdrawn at the times stated. 
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samples were withdrawn for oxytocic assay and for estimation of nitrous acid 
by the Ilosvay method, using a barium nitrite solution as the standard. The 
concentration of nitrous acid was maintained at about 1-5 mg. per cc. of reaction 
mixture by adding the necessary amount of sodium nitrite solution as calculated 
from the estimation of nitrous acid. The amount withdrawn for the first sample 
for the oxytocic assay was 5-0 cc., but since the mixture became progressively 
diluted with nitrite solution, the removal of the same volume for subsequent 
samples would have made these relatively weaker and would thus have increased 
thé difficulties of calculating the results of the assays. The procedure adopted 
was as follows: concurrently with the addition of nitrite, sufficient distilled 
water was added to make the total volume of liquid added equal to 1 °% of the 
volume of the reaction mixture at the time of making the addition; the volume 
removed for oxytocic assay was increased by 1 °% wherever an addition of 
nitrite had been made since the previous sample was taken. The samples for 
assay were diluted to 10-0 ce. at py 7-2-7-4. 

Exp. 6 (Table IV). A mixture of purified pituitary solution (3 cc., containing 
3 units per cc.) and sodium nitrate solution (1 cc., containing 86 mg., equivalent 
to 63 mg. of nitric acid) was adjusted to py 3 with a few drops of N acetic acid, 
diluted to 10-0 cc. and preserved at 0°. Samples (2 cc.) were diluted to 5-0 ce. at 
Py 7-2 and preserved at 0°. 

Table IV. (Exp. 6.) 


Subsequent 


Days at 0° Days at 0° oxytocic 

Time and py 7-2 Oxytocic and py 7-2 value, % 

hours before assay value, % after assay (approx.) 
0 — 100 — — 
22 1 89 5 60 
41-5 1 82 4 30 
88 2 48 se mee 


At 89 hours sodium nitrite (15-4 mg., equivalent to 10 mg. of nitrous acid) 
was added to the residual 4 cc. of the experiment, the reaction was adjusted to 
Py 3 by the addition of glacial acetic acid, and the mixture was preserved at 0 
for a further period of 71 hours; free nitrous acid was then present by the starch 
iodide test. A sample was removed as above and assayed at once; the oxytocic 
value was 25 %. Several days later, when nitrous acid could no longer be 
detected, the oxytocic value had fallen to 20%. This was ascertained by 
diluting 1-65 ce. of the reaction mixture to 4-12 oo. at py 7:2 and assaying at 
once. The oxy tocic substance in this sample (regarded as being B) was shown to 
be stable at p,, 7-2 by preserving it at 0° for 5 days, when the activity remained 
unchanged at 20 % 

Experiments on the possible effect of sodium nitrate in the testing-bath 
showed that there was a diminution in the height of contractions when volumes 
of 0-7 cc. or more M/1000 sodium nitrate solution were present in a 100 cc. 
bath. This effect is presumably due to hypertonicity of the Ringer solution in 
the bath, since it is also produced by the addition of similar volumes of J//1000 
sodium chloride solution. 


SUMMARY. 


When nitrous acid acts on a solution of the hormone at p,, 3, the oxytocic 
activity diminishes as a result of (at least) three well-defined reactions. 

2. The existence of these reactions has been detected by studying the fall 

in activity with lapse of time when nitrous acid and nitric acid act on the 

hormone. 
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3. Nitrous acid very rapidly converts the hormone into a derivative A which 
has an oxytocic strength equal to 35 % of that of the hormone. 

4. Nitric acid, formed by aerial oxidation of nitrous acid, then acts alone or 
in conjunction with nitrous acid and produces a substance B with an oxytocic 
strength of 20 %. 

5. The prolonged action of high concentrations of nitrous acid gradually 
transforms B into a substance D with an oxytocic strength of about 0-1 %. 

6. Nitric acid converts the hormone into a substance C (activity about 90 %), 
which differs from the other derivatives in being unstable at p, 7-2. Nitrous 
acid transforms C into a substance which is stable at p, 7-2 and has an activity 
of 20 %; this is probably identical with B. 

7. It has not previously been shown that the constitution of the hormone is 
such as to allow its conversion into a series of derivatives which exert an oxytocic 
effect. 


My thanks are due to Dr T. F. Macrae for his help. I am also indebted to 
Messrs Boots Pure Drug Company, Nottingham, who presented the whole of 
the posterior lobe powder used in this work. 
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CLXVI. THE PROTEOLYTIC ENZYMES 
OF YEAST. 


By THOMAS FOTHERINGHAM MACRAE1. 
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AN investigation into the action of proteolytic enzymes on the oxytocic principle 
of the pituitary gland [Gulland and Macrae, 1933] required the preparation of 
the yeast pr oteolytic enzymes—dipeptidase, aminopolypeptidase and proteinase. 
In recent years Willstitter, Grassmann and their colleagues have described 
excellent methods for the preparation of these enzymes from Léwenbriu yeast, 
whereby ooeaes separation of the enzymes has been achieved [1926; 1927; 
1928, 1,2 2, 3; 1930]. Since the strain of yeast used by these authors could not 
be obtained in a fresh condition, it was hoped to devise methods for the pre- 
paration of those enzymes from the more readily available English brewer’s 
top-yeast. 

It is well known that yeasts from different sources may not behave identically, 
and it was therefore to be expected that English and German yeasts might 
liberate their enzymes at different rates. Since the methods used by the German 
authors depended largely on the fractional autolysis of the dead yeast cells, it 
was improbable that their methods could be applied without modification to 
the preparation of the enzymes from English yeast. A brewer’s top yeast 
was used for the greater part of the work now described, but a few experiments 
were carried out with a Dutch baker’s yeast; L6wenbrau yeast, on the other 
hand, is a brewer’s bottom yeast. A complete i investigation of the problem has 
not been attempted, but the results obtained may be of value to others who 
may require these important enzymes. 

Qualitatively the English and Dutch yeasts behaved like Léwenbrau yeast, 
but marked quantitative differences were observed. By modifying the method 
of the German authors, dipeptidase preparations were obtained containing 
only traces of aminopolypeptidase and completely free from proteinase. Amino- 
polypeptidase was prepared by a slight modification of the existing method and 
was completely free from dipeptidase and proteinase. The purification of pro- 
teinase, however, has offered much greater difficulties. Using English top-yeast 
and Dutch baker’ s yeast, no method gave a proteinase pre paration which was 
free from aminopoly peptidase, although the proportion of proteinase to amino- 
polypeptidase was always much higher than that of normal yeast autolysates. 
Proteinase preparations have been obtained completely free from dipeptidase. 

EXPERIMENTAL. 
Methods of assaying enzyme preparations. 

The procedure used for the assay of dipeptidase, aminopolypeptidase and 
proteinase was the method of alkali titration in 90 °% alcohol [Willstatter and 
Waldschmidt-Leitz, 1921]. The activities of dipeptidase and aminopolypeptidase 
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are estimated in units which are defined below. The activity of proteinase is 
estimated as the increase in acidity of a gelatin solution in unit time (see below). 

The activity of dipeptidase is estimated using dl-leucylglycine as substrate, 
the unit [ Willstitter and Grassmann, 1926] being that quantity of enzyme which 
hydrolyses one half of the /-peptide in 1 hour at py, 7-8 and 40° when acting on 
225 mg. of dl-leucylglycine in 10 ec. of M/30 phosphate buffer. The estimation 
of dipeptidase was carried out in the following manner. A solution prepared in 
a graduated flask (2-5 cc.) by warming 56 mg. of dl-leucylglycine with M/3 
phosphate buffer at py, 7-8 (0-25 cc.) and water (about 1 cc.) was cooled and 
brought to p,;, 7-8 with about 2 drops of NV ammonia. The enzyme solution was 
then added, and the contents of the flask diluted to the mark with water and 
mixed. 1-0 cc. of the mixture was immediately transferred to a flask containing 
absolute alcohol (9 cc.) and 4 drops of a 0-5 % alcoholic solution of thymol- 
phthalein and titrated with V/20 KOH in 90 °%, alcohol until a faint blue colour 
was just perceptible. The graduated flask containing the remainder of the 
solution had meantime been placed in a thermostat at 40° and after 1 hour, 
1-0 cc. of the solution was removed and titrated in the same way. The difference 
between the titration values represented the degree of hydrolysis. An increase 
in acidity equivalent to 0-60 cc. of N/20 KOH corresponds with 50 % hydrolysis 
of the /-peptide and is effected by 0-25 unit of dipeptidase. The amount of 
enzyme taken must be adjusted so that not less than 25 % and not more than 
75 % of the /-peptide is hydrolysed. 

The activity of aminopolypeptidase is estimated using dl-leucylglycylglycine 
as substrate, the unit [Grassmann and Dyckerhoff, 1928, 3] being that quantity 
of enzyme which hydrolyses one half of the /-peptide in 1 hour at p,, 7-0 and 40°, 
when acting on 245 mg. of dl-leucylglycylglycine in 1/30 phosphate and M/25 
ammonium chloride having a total volume of 10 cc. The determination of amino- 
polypeptidase was carried out in a similar manner to that of dipeptidase. A 
solution of 61 mg. of dl-leucylglycylglycine in //3 phosphate at py 7-0 (0-25 cc.) 
and M/2-5 ammonium chloride-ammonia at p,, 7-0 (0-25 cc.) was adjusted to 
Py 7°0 with a trace of N ammonia; no warming on the water-bath was required, 
since leucylglycylglycine is easily soluble in water. The enzyme was added 
and, after the solution had been diluted to 2-5 cc., 1-0 ec. portions were removed 
at intervals of 1 hour (temperature 40°) and titrated in the same manner as 
in the determination of dipeptidase. An increase in acidity equivalent to 0-50 cc. 
of V/20 potassium hydroxide corresponds with 50 °% hydrolysis of the l-peptide 
and is effected by 0-25 units of aminopolypeptidase. The amount of enzyme used 
must effect hydrolysis of not less than 25 9 and not more than 75 % of the 
l-peptide. In the presence of dipeptidase the results of the determination are 
too high since there is some hydrolysis of the glycylglycine formed by the action 
of the aminopolypeptidase. 

The estimation of proteinase was carried out as follows. A mixture of a 
10 % gelatin solution (6 cc.) and M/5 citrate buffer at p,, 5-0 (1-6 cc.) in a 10 ce. 
graduated flask was adjusted to p,, 5-0 with a trace of N acetic acid. The enzyme 
solution was then added, and the contents of the flask were diluted to the mark 
with water and immediately mixed thoroughly by being warmed in a thermostat 
at 40° and shaken gently. A 2 cc. portion was at once removed and added to 
absolute alcohol (18 cc.) which had previously been heated to 50-60°. Pre- 
cipitation of gelatin occurred, and after the addition of 6 drops of thymol- 
phthalein the mixture was titrated with N/20 KOH in 90 % alcohol until a 


permanent faint blue colour had developed; constant shaking was essential 
during the titration. After the hydrolysis had proceeded for 24 hours at 40°, a 
g . . I ' 
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further 2 cc. portion was removed and titrated. The results are quoted as 
mereases in acidity. In presence of aminopolypeptidase high values are obtained 
owing to the action of that enzyme on the products of the proteinase hydrolysis 
of gelatin. 

Dipeptidase. 


Grassmann and Klenk [1930] obtained “‘pure”’ preparations of dipeptidase 
from Léwenbriu yeast by autolysis of the dead yeast cells for 20 hours at py 
6-4-6-8. The autolysate thus obtained was very rich in dipeptidase and also 
contained some aminopolypeptidase and proteinase. Rapid adsorptions at py, 5 
with small quantities of specially prepared suspensions of aluminium hydroxide 
and kaolin removed all the proteinase and some of the aminopolypeptidase, but 
left most of the dipeptidase, which was finally obtained free from aminopoly- 
peptidase by careful fractional precipitation with acetone. The direct application 
of this method to the English top-yeast invariably yielded preparations which 
had much dipeptidase activity, were free from proteinase, but contained some 
aminopolypeptidase; in the many experiments which were carried out, two 
different preparations of aluminium hydroxide Cy gave similar results. The 
weights of the dry preparations obtained were only about one half of those 
recorded by Grassmann and Klenk. The enzyme activities of the preparations 

varied to some extent, but the following were typical preparations; prote inase 
activity was entirely absent. 


Table I. 

Units of Units of 
dipeptidase aminopolypeptidase 
per 10 mg. per 10 mg. 

] 0-48 0-20 
2 0-51 0-18 
3 0-62 0-23 


An attempt to free one of the above preparations from aminopolypeptidase 
by redissolving in water and reprecipitating with acetone (compare Grassmann 
and Klenk, 1930] resulted in almost complete destruction of both dipeptidase 
and aminopolypeptidase. A preparation (500 mg., containing 0-48 unit of 
dipeptidase and 0-20 unit of aminopolypeptidase per 10 mg.) was dissolved in 
water (50 cc.) and adjusted to p,, 7-0 with ammonia and cooled to 0°. Pure 
acetone (30 cc.) containing sufficient ammonia to keep the final mixture at 
Py 7:0 was added, and the precipitate was centrifuged down and discarded. 
The centrifugate was treated with a further portion of acetone (25 cc.) at 0° 
and the precipitate was centrifuged down and dried by treatment with acetone 
and finally with ether. This material (150 mg.) contained 0-05 unit of dipeptidase 
and 0-02 unit of aminopolypeptidase per 10 mg. 

An earlier method for the preparation of solutions free from “tryptic” 
activity [Grassmann and Haag, 1927] depended on the removal of the enzymic 
impurities by adsorption with a specially prepared suspension of aluminium 
hydroxide. This, when applied to the English top-yeast, gave a final solution 
which was free from proteinase but not from aminopolypeptidase. 

The behaviour of a fresh yeast autolysate towards adsorption by aluminium 
hydroxide Cy was investigated, in order to discover if a separation of dipep- 
tidase and aminopolypeptidase could be effected by this means. English top- 
yeast (200 g.) was liquefied with ethyl acetate (20 cc.) and treated with water 
(220 cc.). Dilute ammonia was added to neutralise the acid as it was formed in 
the autolysis, and to maintain the p, at 6-5. After 2 hours of this treatment 

















1232 T. F. MACRAE 


the yeast was centrifuged and carefully washed with water. It was now sus- 
pended in water (250 cc.) containing a few drops of toluene and allowed to 
autolyse for 17 hours, the p,, being maintained between 6-2 and 6-5. The yeast 
was centrifuged, and portions of 25 cc. each of the centrifugate were immediately 
cooled to 0°, adjusted to p, 5-0 with N acetic acid, mixed with M sodium 
acetate-acetic acid buffer at p,, 5-0 (2 cc.) and treated in the following manner 
with a suspension of aluminium hydroxide Cy (35 mg. Al,O,), the total volume 
being 35 cc. The adsorptions were carried out as quickly as possible and the 
temperature was kept below 10°. One portion was treated once with the 
adsorbent, another portion twice, and a third portion three times successively, 
the same amount of adsorbent being used in each case. The dipeptidase and 
aminopolypeptidase activities of the original autolysate and the three adsorbed 
portions were estimated (Table IT). 


Table IT. 


Units of dipeptidase Units of aminopoly- 


in solution repre- peptidase in solution 
senting | cc. of representing | cc. 

original of original 

autolysate autolysate 
Original autolysate 3°35 1-80 
After one adsorption 1-10 1-25 
After two adsorptions 0-25 0-45 
After three adsorptions 0-16 0-11 


It is apparent from this experiment that simple adsorption with aluminium 
hydroxide Cy under these conditions does not suffice for the separation of 
dipeptidase and aminopolypeptidase. Grassmann and Klenk [1930], using very 
similar conditions to those described above, observed that aminopolypeptidase 
was preferentially adsorbed, whereas in this experiment preferential adsorption 
of dipeptidase occurred. It would appear, therefore, that a quantitative differ- 
ence exists between the adsorptive properties of the enzymes in autolysates of 
Léwenbriu yeast and English top-yeast. 

Many attempts were made to obtain “pure” dipeptidase preparations. The 
following method, which is a modification of that of Grassmann and Klenk [1930], 
was found to be the most successful. English top-yeast (500 g.) was liquefied 
with ethyl acetate (50 cc.) and treated with water (500 cc.). 20 °4 ammonia was 
added carefully in order to maintain the suspension at p,, 6-5. After 2 hours the 
yeast was centrifuged and the dark brown centrifugate set aside. The yeast was 
carefully washed with water, again suspended in water (500 cc.) containing some 
toluene, allowed to autolyse for 20 hours at py 6-2—-6-6 and room temperature 
and centrifuged off. Meantime an aluminium hydroxide suspension had been 
prepared [compare Grassmann and Haag, 1927]. A quantity (400 cc.) of the 
dark brown centrifugate which had been retained was diluted to 1600 cc. with 
water and adjusted to py, 5-0 with M acetic acid. A suspension of aluminium 
hydroxide Cy (700 mg. Al,O,) was added at 0° and after shaking the aluminium 
hydroxide was centrifuged down. This aluminium hydroxide which had thus 
adsorbed considerable amounts of autolysis products was now suspended in 
water and made up to 50 cc. Immediately after centrifuging from the yeast a 
portion of the autolysate (100 cc.) was adjusted to py, 5 with acetic acid and 
mixed with W/ sodium acetate-acetic acid buffer at py 5-0 (2 cc.). This mixture 
was treated as quickly as possible four successive times at 0° with 10 cc. portions 
of the above aluminium hydroxide suspension. The residual enzyme solution 
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was then treated twice at 0° with successive portions (20 cc.) of a kaolin sus- 
pension (acid to phenolphthalein and alkaline to methyl red), containing 300 mg. 
of kaolin per cc. The kaolin was discarded, and a portion of this solution (120 cc.) 
was adjusted to py 7-0 with N ammonia, cooled to 0° and mixed with pure 
acetone (85 cc.) which contained sufficient ammonia to maintain the p,, at 7-0 
(determined by previous trial on test portions). The resulting precipitate was 
centrifuged off and discarded. The centrifugate was treated with acetone (60 cc.) 
in the same way, and the precipitate was centrifuged and dried by washing 
three times with acetone, three times with ether and finally in a vacuum desic- 
cator; yield 90 mg. This preparation contained 0-24 unit of dipeptidase and 
0-005 unit of aminopolypeptidase per 10 mg. and was completely free from 
proteinase. After 2 months its activity remained unchanged. 

This method differs from that of the German authors at several points. The 
most important deviation is in the larger volume of acetone used in precipitating 
the discarded solid of the first acetone treatment, and it is on this modification 
that the success of the method depends. The weight of the dry preparation and 
its enzymic content were very much less than those obtained by Grassmann and 
Klenk. 


Aminopoly peptidase. 


The method of Grassmann and Dyckerhoff [1928, 3] for the preparation of 
‘pure’? aminopolypeptidase from Léwenbriiu yeast depends on the fact that the 
autolysis of the dead yeast cells in 0-3 ° ammonia for 48 hours or less results 
in the liberation of all the proteinase activity and the destruction of all the 
dipeptidase activity. On the other hand, only part of the aminopolypeptidase 
is liberated during that time. Therefore, by centrifuging and washing the yeast 
after an autolysis lasting 48 hours, and by allowing it to autolyse in fresh water 
for a further 5 days, these authors obtained an autolysate containing amino- 
polypeptidase, but free from dipeptidase and proteinase. From this a dry 
preparation was obtained. On following this method with English top-yeast, 
the final preparation always contained traces of dipeptidase, but the modi- 
fication described below yielded preparations free from both proteinase and 
dipeptidase. 

English top-yeast (500 g.) was liquefied with chloroform (50 cc.) and treated 
with 0-35 9% ammonia (500 cc.). After remaining at room temperature for 
48 hours the yeast was centrifuged and thoroughly washed with water. It 
was then suspended in water (400 cc.) containing a little chloroform, and 
adjusted to p,, 7-0-7-:2. After remaining for 5 days at room temperature the 
yeast was centrifuged off, and the centrifugate was treated with 2-5N acetic 
acid (65 cc.). The precipitate was centrifuged, suspended in water (20 cc.) and 
treated with drops of NV ammonia until all but a trace of insoluble matter had 
dissolved (pj, 7-5). The solution, centrifuged from the solid, was dialysed for 
14 hours in a cellophane bag against a slow stream of distilled water. The 
enzyme solution, cooled to 0°, was now added to three times its volume of pure 
acetone which had been cooled to — 15°. The temperature of the mixture 
was — 8°. The precipitate was centrifuged immediately and dried rapidly by 
washing three times with acetone, three times with ether and finally in a vacuum 
desiccator; yield 165 mg. This preparation contained 0-64 unit of aminopoly- 
peptidase per 10 mg. and was completely free from dipeptidase and proteinase. 
When kept in a tightly stoppered tube its activity remained unaltered for 
3 months. 
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Proteinase. 


Grassmann and Dyckerhoff [1928, 3] obtained solutions of proteinase which 
were free from dipeptidase and aminopolypeptidase by making use of the 
following facts. Dipeptidase is destroyed during a preliminary autolysis of 
Léwenbriiu yeast in 0-3 °4 ammonia lasting 17 hours. If the yeast be centrifuged, 
washed and allowed to autolyse in fresh water for a further 5 hours at py 5, the 
liberation of aminopolypeptidase is completely suppressed, whilst the proteinase 
enters the autolysate. The enzyme solution prepared in this way was adjusted 
to py, 8-5 in order to precipitate inorganic phosphate, which was centrifuged off. 
After the reaction of the solution had been adjusted to p,, 5 the proteinase was 
adsorbed by treatment with aluminium hydroxide Cy and eluted with di- 
ammonium phosphate. The German authors observed that the resulting pro- 
teinase solution underwent self-activation when preserved for 10 days at 0 
and py, 7-0, and they thus obtained a highly active proteinase solution, which 
was completely free from dipeptidase and aminopolypeptidase. 

In the present investigation the following attempts were made to obtain 
pure proteinase preparations from English top-yeast and Dutch baker’s yeast. 
In each case the final preparation was prese rved at Py 7-0 and 0° for 10 days 
before the enzymes were estimated (Table ITI) in order to allow the activator to 
develop. 

(a) The method of Grassmann and Dyckerhoff [1928, 3] was carefully 
followed using English top-yeast. The purification by adsorption on aluminium 
hydroxide was carried out. 

(b) As (a) using Dutch baker’s yeast. 

(c) The solution from (b) was adjusted to p,, 10 with 5N ammonia and 
maintained at that p,, at room temperature for 1 hour. It was then adjusted to 
Py 7-0 with 5N acetic acid. 

(d) As in (ec), but the enzyme solution was maintained at py, 10 for 3 hours. 

(e) Using English top-yeast, the method of Grassmann and Dyckerhoff 
[1928, 3] was modified by carrying out the second autolysis at p, 4-6 instead 
of 5-0. 

(f) and (g). Procedure as in (a), except that the duration of the preliminary 
autolysis was reduced from 17 hours to 12 hours. In (f) the duration of the 
second autolysis was 3 hours, in (g) 5 hours. 

(h) A portion (75 ce.) of the autolysate Pero from English top-yeast 
according to Grassmann and Dycke rhoff [1928, 3, p. 62] was treated with pure 
acetone (150 cc.) at room temperature. The prec initate was centrifuged off and 
redissolved in water (25 ec.). Acetone (30 cc.) was then added at room tem- 
perature, and the precipitate was centrifuged off and dried by washing with 
acetone, then ether and finally in a vacuum desiccator; yield 25 mg. 

(i) A portion (75 ec.) of the same enzyme solution as that used in (h) was 
dialysed in a cellophane bag against running tap-water for 40 hours and then 
against a slow stream of distilled water for 6 hours. The solution was then 
mixed with acetone (100 cc.) at room temperature, and the precipitate was 
centrifuged off and dried as in (h); yield 35 mg. 

The activities of the above preparation are recorded in Table III. All the 
preparations contained aminopolypeptidase and since that enzyme hydrolyses 
further the products of the proteinase hydrolysis of gelatin, no accurate figure 
for the increase in acidity due to the proteinase action could be obtained. How- 

ever, the recorded increases in acidity give strong indication of the proteinase 
contents of the preparations. As already explained the figures for amino- 
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polypeptidase are also inaccurate in those preparations which contain dipep- 
tidase. Complete hydrolysis of the J-leucylglycylglycine was obtained in the 
determination of the aminopolypeptidase activity of some of the preparations; 
this requires an increase in acidity of 1-00 cc. of N/20 KOH hydroxide. 


Proteinase 


In (a)-(g), lee. of enzyme 
solution in a total volume 


of 10cc. In (h) and (2), 
10 mg. of dry preparation 
in 10 ce. 

Increase in acidity in 2 cc. 
portions after 24 hours. 
ec. V/20 KOH 


Table III. 


Aminopolypeptidase 

In (a)-(g), 2. ce. of enzyme 
solution in a total volume 
of 10 ce. In (h) and (2), 
20 mg. of dry preparation 
in 10 ce. 

Increase in acidity in 1 ce. 
portions after 24 hours. 
ce. N/20 KOH 


Dipeptidase 

In (a)-(g), 2 cc. of enzyme 
solution in a total volume 
of 10 cc. In (h) and (i), 
20 mg. of dry preparation 
in 10 ce. 

Increase in acidity in 1 ce. 
portions after 24 hours. 
ce. N/20 KOH 





(a) 1-10 1-01 0-05 
(b) 1-60 0-96 0-09 
(c) 1-33 0-83 0-01 
(d) 0-97 0-56 0-00 
(e) 0-46 0-88 Not determined 
(f) 0-78 1-06 0-45 
(9) 1-31 0-99 0-71 
(h) 1-35 1-00 0-40 
(2) 1-30 0-89 0-00 


The results of these attempts to obtain a pure proteinase are here sum- 
marised. Using English top-yeast and Dutch baker’s yeast the method of 
Grassmann and Dyckerhoff [1928, 3] yielded a preparation which contained 
considerable quantities of aminopolypeptidase and traces of dipeptidase (aand)). 
Treatment with ammonia readily destroyed these traces of dipeptidase, giving 
enzyme preparations which were completely free from dipeptidase but still 
contained aminopolypeptidase (c and d). Evidently in the case of these yeasts 
the liberation of aminopolypeptidase at p,, 5-0 is not completely suppressed ; 
even at py 4-6 considerable quantities of aminopolypeptidase were liberated 
aithough less than half of the proteinase obtained at p,, 5-0 was set free (e). 

Léwenbriu yeast liberates its proteinase only after about 16 hours’ autolysis 
[Grassmann and Dyckerhoff, 1928, 3]. English top-yeast begins to liberate its 
proteinase much sooner, for a preliminary autolysis of 12 hours and a subsequent 
autolysis of 3 hours at p;,; 5-0 yielded considerable quantities of the three proteo- 
lytic enzymes in the second autolysate (f). When the second autolysis was 
continued for 5 hours the amounts of the enzymes liberated had increased (g). 

Grassmann and Dyckerhoff [1928, 1, 2] observed that precipitation of 
enzymic solutions with acetone at room temperature destroyed most of the 
aminopolypeptidase. In the case of the autolysates from English top-yeast, 
however, two successive precipitations did not destroy all the aminopolypepti- 
dase activity. Moreover, some dipeptidase also persisted (h). Prolonged dialysis 
also destroyed aminopolypeptidase [Grassmann and Dyckerhoff, 1928, 1, 2]. 
Dialysis for 46 hours of the autolysate from English top-yeast followed by 
acetone precipitation yielded a dry preparation which still contained amino- 
polypeptidase but was free from dipeptidase (?). 


SUMMARY. 


1. The liberation of the proteolytic enzymes, dipeptidase, aminopolypepti- 
dase and proteinase by the autolysis of English top-yeast and Dutch baker’s 
yeast has been studied and has been shown to differ in several respects from the 
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liberation of these enzymes from Léwenbriu yeast. Quantitative differences in 
the behaviour of the enzymes from these sources to adsorbents and other treat- 
ment have also been observed. 

2. The methods used by Willstitter, Grassmann and their colleagues for the 
preparation of dipeptidase, aminopolypeptidase and proteinase from Léwenbrau 
yeast require modification when used for the preparation of these enzymes from 
English top-yeast. 

3. By means of modifications of these methods, preparations of (a) dipeptidase 
completely free from proteinase and containing only traces of aminopolypepti- 
dase, and (b) aminopolypeptidase free from both dipeptidase and proteinase 
have been obtained from English top-yeast. 

4. Proteinase, free from dipeptidase but not from aminopolypeptidase, has 
been obtained from English top-yeast and Dutch baker’s yeast. 


I wish to express my thanks to Dr J. M. Gulland for his continued criticism 
and advice. My thanks are also due to Messrs Watney, Combe and Reid, who 
supplied the English top-yeast. 
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It was recorded by Dudley [1919] that trypsin, in the form of Merck’s pancreatin 
in N/10 sodium carbonate solution, destroyed the oxytocic hormone. 


Dale and Dudley [1921] observed that the hormone was inactivated by intes- 


tinal erepsin, in the form of a crude preparation from dog’s intestinal mucosa 
in N/10 sodium carbonate solution. They also found that a papain preparation, 
which could digest fibrin in N/10 hydrochloric acid solution, did not attack the 
hormone under comparable conditions. Thorpe [1926] confirmed the destructive 
action at about py, 9 of pancreatic trypsin, which had been freed from accom- 
panying lipase but was otherwise crude. Freudenberg e¢ al. [1932] stated briefly 
that the hormone was not altered by pepsin or erepsin but was destroyed by 
trypsin and papain. Dudley [1923] and also Thorpe concluded that their results 
indicated the presence of a peptide linkage in the hormone molecule, and 
Freudenberg et al. considered that the hormone has either a high molecular 


Se 


weight or is bound to a high-molecular carrier of the protein group. 

The experiments of the earlier investigators were made at a time when the 
need for controlling hydrogen ion concentration and for using “ pure’? enzymes 
was not fully realised. For these reasons, and in view of the discrepancy between 
the results mentioned above and the importance of the conclusions reached, if 
these are accurate, it was essential to extend these experiments on a more 
elaborate scale using enzyme preparations of known purity or content’. 

The yeast proteolytic enzymes which have been studied by the Willstatter 
school [for summary, see Grassmann, 1932] are more easily obtained in greater 
purity than are animal proteolytic enzymes; in addition, they are more specific 
and might therefore yield more detailed information as to the nature of the 
hormone. It was decided to study in the first instance the action on the hormone 
of the dipeptidase, aminopolypeptidase and proteinase of yeast. This communica- 


tion also includes a description of the action of a papain preparation. A subsequent 
memoir will describe the behaviour of the hormone when acted on by preparations 
of trypsin and other enzymes: these experiments have been completed. 


1 Lister Institute Research Student in Biochemistry. 


* This work was initiated in January 1932 as part of the general scheme for this series of 
investigations which was begun in Part IL [Gulland, 1933]; a preliminary account of some of 


the results has already been published [Gulland and Macrae, 1933]. 
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The hormone was slowly inactivated by two aminopolypeptidase prepara- 
tions from different sources (Fig. 1). Neither preparation contained any di- 
peptidase or proteinase activity. 

The hormone was very rapidly inactivated by two dipeptidase preparations 
from different sources; both were free from proteinase but contained traces of 
aminopolypeptidase (Fig. 2). 

The hormone was very rapidly inactivated by two solutions of proteinase 
which contained some aminopolypeptidase (Fig. 3). One solution also contained 
traces of dipeptidase, whilst the other was free from this enzyme. 

These results showed that the inactivation of the hormone was not caused 
by dipeptidase, aminopolypeptidase or proteinase for the following reasons. 

(i) The inactivation was not due to dipeptidase, because the hormone was 
rapidly inactivated by a proteinase solution which contained no dipeptidase. 

(ii) The inactivating enzyme was not proteinase, because the hormone was 
rapidly inactivated by a dipeptidase preparation which was free from proteinase. 

(iii) Aminopolypeptidase was not responsible, because dipeptidase prepara- 
tions which contained only a trace of aminopolypeptidase were many times more 
active than were aminopolypeptidase preparations of high aminopolypeptidase 
activity. 

The shapes of the p,-activity curves (Fig. 4) of the inactivating enzymes 
of dipeptidase and proteinase preparations were identical and had a p,,-optimum 
at 7-4. It was therefore highly probable that the inactivation in each case was 
brought about by one and the same enzyme, and this assumption is now made. 

The hormone was extremely rapidly inactivated by a papain preparation, 
and the shape of the py-activity curve and position of the p,,;-optimum (Fig. 4) 
were the same as those of the enzyme of the yeast preparations. It is presumed, 
therefore, that the enzyme present in the papain preparation, which inactivated 
the hormone, is not a papainase but is identical with the yeast enzyme. 

The p,,-activity curve of this enzyme which inactivates the hormone is quite 
distinct from those of yeast dipeptidase, aminopolypeptidase, proteinase and 
papain (Fig. 5). Experiments made in the search for the substrate characteristic 
of this enzyme will be described in future communications, together with ob- 
servations on the conclusions of other investigators which were mentioned 
above. 

It is noteworthy that none of the enzyme preparations reduced the oxytocic 
activity to zero. For example, a dipeptidase preparation reduced the oxytocic 
strength to 0-7 °% of its initial value in half an hour, but no further decrease 
occurred in the course of 24 hours. It has been demonstrated that this residual 
activity is not due to histamine, of which small traces might conceivably have 
occurred in the stock hormone solution. Our present opinion is that this residual 
activity is due to a derivative of the hormone produced by the action of the 
enzyme. 

EXPERIMENTAL. 


Methods « mploye d. 


Preparation of yeast proteolytic enzymes. Dr W. Grassmann of Munich pre- 
sented us with (1) a dipeptidase preparation which was free from proteinase 
but contained traces of aminopolypeptidase; (2) an aminopolypeptidase pre- 
paration which contained neither dipeptidase nor proteinase. 

Our dipeptidase and aminopolypeptidase preparations were made from 
English brewer’s top yeast, our proteinase solutions from Dutch baker’s yeast, 
in each case as described by Macrae [1933]. 
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Estimation of proteolytic activity. The activity of the proteolytic enzymes was 
estimated in the usual way by comparing the volumes of M/20 alcoholic KOH 
required to titrate to thymolphthalein standard portions removed from the 
enzyine-substrate mixture at the beginning of the estimation and after a known 
period of time. The amounts of dipeptidase and aminopolypeptidase were then 
expressed in units [Willstatter and Grassmann, 1926; Grassmann and Dycker- 
hoff, 1928}. 

Assay of oxytocic activity. The oxytocic activity of solutions was assayed by 
the degree of contraction they produced in the isolated uterus of the guinea-pig 
[Burn and Dale, 1922; Burn, 1928; Gulland and Newton, 1932]. 

In each time-activity experiment dilutions of the stock solutions were used 
as standards, the results of the assays being expressed as percentages of the 
initial activity of the stock solution (regarded as 100). In py-activity experi- 
ments the activities of the control solutions were assayed against a dilution of 
the stock solution, and the activities of the samples were then assayed against 
their control solutions (regarded as 100). For the sake of clarity the activity in 
international standard units of the stock solution is quoted for each experiment. 

Samples and controls. Samples withdrawn for assay or as controls were 
adjusted to p,, 3-5 with acetic acid, being diluted with water to a known volume 
which was much too concentrated in oxytocic material to be used directly for 
assay. These stock samples were preserved at 0°, and suitable dilutions of them 
for assay were adjusted to p,, 7-5 immediately before use and were kept at 0 
until no longer needed. By this means the hormone present in a sample was 
stored almost at the p,, of maximum stability (p,, 3 [Gaddum, 1930]), but was 
pipetted into the testing-bath at a reaction which did not upset the normal 
buffering of the Ringer solution, without being exposed unnecessarily to the 
deteriorating influence of an alkalinity of p,, 7-5. The selection of p,, 3-5 instead 
of py 3 was made because experience showed that the amount of acetic acid 
required to change the reaction to p,, 3-5 was relatively small as compared with 
that needed to carry the adjustment further to p, 3. The assumption has 
necessarily been made that the final product (0-7 % activity) of the action of 
the enzyme which destroys the hormone is stable at py 3-5 and at p,;, 7-5 under 
the conditions of the experiments. 

It should be noted that “‘boiled enzyme controls” have been avoided. The 
rate of destruction of the hormone is dependent on the hydrogen ion concen- 
tration and is a function of the temperature [Gaddum, 1930]; it was therefore 
essential that a control solution should be an accurate control of the effect of 
heat and reaction on the hormone under the saine conditions as obtained in the 
experiment. A further reason for avoiding “boiled enzyme controls” was the 
fact that many enzyme solutions deposit amorphous precipitates of denatured 
proteins when heated, and these might adsorb the hormone. This difficulty, 
however, has not been encountered. 


Action of yeast aminopolypeptidase preparations. 

(A) From English brewer's top yeast, at py 7-0. A hormone solution (16-7 ce. 

at py 3, containing 4-5 international oxytocic units per cc.), M/3 sodium phos- 
phate buffer at p,, 7-0 (2-5 cc.), and M/2-5 ammonium chloride solution (2-5 cc.) 
were mixed in a graduated flask (25 cc.), and the reaction was adjusted to 
Py 7:0 with N ammonia. A solution of an aminopolypeptidase preparation 
(100 mg. in 2-5 cc. of water, containing 3-2 units of aminopolypeptidase and 
free from dipeptidase and proteinase) was added, and the mixture was diluted 
as quickly as possible to 25-0 cc. with water and thoroughly mixed. A control 
78—2 
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sample (1-5 cc.) was immediately removed into a graduated flask (2-5 cc.), which 
was at once immersed for 5 minutes in a vigorously boiling water-bath in order 
to inactivate the enzyme. When this heating was finished, the flask was tightly 
stoppered and placed in a thermostat at 40°. As soon as the control sample 
had been removed from the experimental solution, the flask containing the 
remainder of this solution was tightly stoppered and placed in the thermostat. 

Sample portions (1-5 cc. each) were removed from the reaction mixture into 
2-5 cc. flasks at appropriate intervals; each was heated at 100° for 5 minutes 
to inactivate the enzyme immediately after being removed, and the flask was 
then stoppered and returned to the thermostat. At the end of the experiment, 
2-5 M acetic acid (0-5 cc.) was added to each sample and the control, and the 
mixtures were diluted with water to 2-5 cc.; the py was then 3-5, and these 
stock samples were preserved at 0°. 

The reaction remained constant at p, 7-0 during the experiment. The 
aminopolypeptidase present in the residual solution after 24 hours was esti- 
mated, using dl-leucylglycylglycine as substrate. 3-0 cc. contained 0-35 enzyme 
unit, whereas initially 3-0 cc. had contained 0-38 unit, so that more than 90 %_— 
of the aminopolypeptidase was present at the end of the experiment. 

For the oxytocic assay 1-0 cc. of each stock sample was diluted to 10-0 cc. 
at py, 7-5 and tested against a dilution of the stock hormone solution (0-4 cc. 
in 10 cc., 7.e. 0-18 unit per cc.). These solutions would have had the same oxytocic 
activity if no inactivation of the hormone had occurred. The results are given 
in Table I and Fig. 1, A. 

Table I. 


Time (hours) 0 0-5 l 
Activity present (°%) 88 76 67 48 40 29 23 


ou 
bo 
> ith 
bo 
bo > 


100 


90 


% of initial activity 
s 
T 








a ae ae 8 12 24 
Hours 


Fig. 1. Aminopolypeptidase preparations: A, from English yeast; B, from Munich yeast. 


(B) From Munich yeast, at py 7-5. An aminopolypeptidase preparation 
(20 mg., containing 0-86 unit of aminopolypeptidase, no proteinase and no 
dipeptidase) was dissolved in M/3 sodium phosphate buffer at p,, 7-5 (2-0 cc.) 
and added to a hormone solution (8 cc., containing 1-5 units per cc.), previously 
adjusted to p,;, 7-5. The mixture was shaken, a control portion (2-0 cc.) was 
immediately removed into a graduated flask (2-5 cc.), and the residual solution 
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was incubated at 40°; the p, remained constant at 7-5. The technique described 
above was used for control and samples, and at the end of the experiment these 
were diluted to 2-5 cc. (pq 3-5) with 2-5 M acetic acid. 

For assay the stock samples were diluted (1-88 cc. to 10-0 cc. at py, 7-5) with 
water and alkali and tested against a dilution of the stock hormone solution 
(1-2 ce. diluted to 10-0 cc., i.e. 0-18 unit per cc.). The results are given in 
Table IT and Fig. 1, B. 

Table IT. 


Time (hours) 0 ] + 24 
Activity present (°%,) 100 42 3-7 About 1 


Action of yeast dipeptidase preparations. 


(A) From English brewer’s top yeast, at py 7-8. A dipeptidase preparation 
(57 mg., containing 1-37 units of dipeptidase, 0-03 unit of aminopolypeptidase 
and no proteinase) was dissolved in water (1 cc.) containing a few drops of M/3 
sodium phosphate buffer at p,, 7-8 and added to a mixture of a hormone solu- 
tion at py, 7-8 (6-7 cc., containing 4-5 units per cc.) and M/3 sodium phosphate 
buffer at p, 7-8 (1 cc.). The reaction mixture was rapidly diluted to 10-0 ce. 
and mixed. Control and sample portions (1-5 cc. each) were removed into 
2-5 cc. graduated flasks, the procedure being as described above. The py re- 
mained constant at 7-8 throughout the experiment, and after 24 hours 1 cc. of 
the reaction mixture contained 0-05 unit of dipeptidase when estimated by its 
power of hydrolysing dl-leucylglycine; this corresponded to about 40 % of the 
original dipeptidase activity. 


Table ITT. 


Time (hours) 0 0-5 l 4 24 
Activity present (%) 80 t About 2 About 2 About 2 
100 > 
90 


% Of initial activity 
vu 
° 








Hours 


Fig. 2. Dipeptidase preparations: A, from English yeast; B, from Munich yeast. 

For assay the stock samples were diluted (1-0 ce. to 10-0 ce. at py 7-5) and 
compared with a dilution of the stock hormone solution (0-4 cc. to 10-0 cc.; 
i.e. 0-18 unit per cc.); these solutions would have had the same oxytocic activity 
if no inactivation had occurred. The results are given in Table IIT and Fig. 2, A. 
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(B) From Munich yeast, at py 7-5. A dipeptidase preparation (10 mg., con- 
taining 0-8 unit of dipeptidase, 0-02 unit of aminopolypeptidase and no pro- 
teinase) was dissolved in M/3 sodium phosphate buffer at p,, 7-5 (1 cc.) and 
added to a hormone solution at p,, 7-5 (0-5 cc., containing 200 units per cc.). 
The mixture was at once diluted to 5 cc. and mixed. Control and sample portions 
(1-0 ce. each) were removed into 2-5 cc. flasks, the procedure being as described 
above. The py remained constant at 7-5. 

For assay a portion of each stock sample (0-25 cc.) was diluted to 10-0 cc. 
at py, 7-5. These solutions would have been equivalent to 0-2 unit per cc. if no 
inactivation had occurred, and were compared with a thousand-fold dilution 
of the stock hormone solution. The results are given in Table IV and Fig. 2, B. 


Table IV. 


Time (hours) 0 0-5 1 4 
Activity present (%) 90 34 


~1 
o) 


The action of yeast proteinase preparations. 

The enzyme solution was prepared from Dutch baker’s yeast and contained 
considerable quantities of proteinase, some aminopolypeptidase and traces of 
dipeptidase (Table V). A second solution was prepared by adjusting the reac- 
tion of part of the first solution to p, 10 with ammonia, maintaining it thus 
for 2 hours at 18° and then re-adjusting the p,, to 7; this destroyed the dipepti- 
dase and reduced the proteinase and aminopolypeptidase activities (Table V). 


Table V. 


The conditions for the estimations were those customarily used for these enzymes. 
The figures show the proteolytic activity before and after treatment at py, 10. 
Enzymes Dipeptidase Aminopoly- Proteinase 
peptidase 
0-5 ec. diluted 1-0 ce. diluted 
» 


2-5 ee. to 5-0 ec. 


0-5 ec. diluted 
to 2-5 ee. to 


Proteinase solution 





Substrate 


dl-Leucyl- 


dl-Leucylglycyl- Gelatin 





glycine glycine 
Increase in activity of 1 cc. portions Before After Before After 3efore After 
after 20 hrs. (ec. V/20 KOH) ... 0-01 0-00 0-83 0-60 0-65 0-35 


Experiments on the inactivation of the hormone were carried out with these 
enzyme solutions at p,, 7 and at p,, 5, the normal optimum of yeast proteinase. 
The procedure was identical in each case. At p, 5 buffering was effected by 
M/50 sodium citrate buffer and at p, 7 by M/30 sodium phosphate. The 
hormone solution (6-7 cc. containing 4-5 units per cc.), buffer solution (1 cc. of 
M/5 citrate or M/3 phosphate) and enzyme solution (2 cc.) were mixed and 
diluted with water to 10-0 cc. at the required p, (5 or 7). A control sample 
(1-5 ee.) was instantly removed, heated for 3 minutes in a boiling water-bath 
and placed in a thermostat at 40°, in which the remainder of the reaction 


mixture had meantime been immersed. Further samples (1-5 cc. each) were re- 
moved at the same intervals in each case and were diluted to 2-5 cc. at py 3-5 
as usual. 

The reaction mixtures of the experiments at p, 5 were shown to contain 
after 24 hours an amount of proteinase comparable with that present at the 
beginning of the experiments; an accurate estimation was impossible, but more 
than 75 


“Yo Was present. 

















OXYTOCIC HORMONE AND YEAST PROTEOLYTIC ENZYMES 1243 


The oxytocic assays were all made by comparing the activities of dilutions 
of the stock samples (1 cc. to 10 cc.) at py 7-5 with a dilution of the stock 
hormone solution (0-4 ce. to 10 cc.); the activities of these dilutions would have 
been the same (0-18 unit per cc.) if no inactivation had occurred. The results are 
given in Table VI and Fig. 3. 

Table VI. 


Enzyme before treatment Enzyme after treatment 
at py 10 at py 10 
Time +, a 
hours At py 5 At py 7 At py 5 At py 7 
Control 100 82 100 86 
1 60 1-6 82 2-2 
4 7-5 About 1 60 About I 
24 1-5 About 1 8 About 1 


activity 











o* 
23 4 8 12 16 20 24 
Hours 
Fig. 3. Proteinase solutions: A and A’, enzyme solution before partial inactivation at py 10. 


B and B’, enzyme solution after partial inactivation at py 10; A and B, exp. at py 7; 
A’ and B’, exp. at py 5. 


The yeast enzyme which inactivates the hormone has a stability at p,, 10 com- 
parable with those of aminopolypeptidase and proteinase, but it is more stable 
than dipeptidase. 

Action of a papain preparation. 

The enzyme material used was a British Drug Houses’ preparation of papain, 
the proteolytic activity of which was determined as follows. 10mg. of the 
preparation acting in the absence of hydrogen cyanide on gelatin in 10 cc. of 
solution at p, 5 under the conditions of yeast proteinase estimations caused 
an increase in acidity in 5 hours corresponding to 0-84 cc. of N/20 KOH for each 
sample of 1 ce. 

A solution of this papain preparation (20 mg.) in M/3 sodium phosphate 
buffer at py, 7-5 (2 cc.) was added to a hormone solution (8 cc.) containing 
1-5 units per ce. A control sample (2-0 cc.) was immediately removed, the 
remainder of the experiment being carried out in accordance with the usual 
procedure; all samples were diluted to 2-5 cc. at py, 3-5. The py remained 
constant at 7-5. 

For assay a dilution of each sample (1-88 ce. in 10 cc.) was compared with 
a dilution of the stock hormone solution (1-2 cc. in 10 ce.); these solutions 
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Table VII. 
Table VII. 


Time (hours) 0 ] 4 24 
Activity present (%) 40* About 1 About 1 About 1 


* Very rapid inactivation had taken place owing to the high act ivity of t he enzyme preparat ion. 


Effect of hydrogen ion concentration on the rate of inactivation of the hormone. 


(A) Dipeptidase preparation from English brewer's top yeast. A solution of 


the enzyme (2-5 mg., containing 0-13 unit of dipeptidase, 0-04 unit of amino- 
polypeptidase and no proteinase) in water (0-5 cc.) was added to a mixture of 
hormone solution (0-5 ec., containing 76-8 units per cc.) and M/3 sodium phos- 
phate buffer at the required reaction in a graduated flask (2-5 cc.). After the 
contents of the flask had been mixed, a control sample (1-0 cc.) was immediately 
removed into a graduated flask (2-5 cc.), which was immersed in a vigorously 
boiling water-bath for 3 minutes to destroy the enzyme, cooled to about 40° 
and placed in a thermostat at 40°. The remainder of the experimental solution 
had meantime been placed in the thermostat, and after 20 minutes a sample 
was removed and treated as described above. The reaction of the liquid re- 
maining in the flask was then determined, and this value taken as the py of 
the experiment: in practice, this seldom varied from the initial reaction. The 
samples were then removed from the thermostat, diluted to 2-5 cc. with 2-5 M 
acetic acid and water (finally at p,, 3-5) and preserved at 0° for assay. 
Experiments were carried out at py 5-7, 6-5, 8-3 and 9-5. Samples were 





assayed against the corresponding control solutions, 0-52 ce. of each being 
diluted to 20 cc. at py 7-5; this dilution would have contained 0-16 unit per cc. 
Several control solutions were assayed against a dilution of the stock hormone 
solution and were shown to be unaltered or to have suffered only slight inactiva- 
tion. The results are given in Table VIII and Fig. 4. 


Table VIII. 


5-7 6°5 7-5 8-3 9-5 


Inactivation 15 29 39 29 14 


(B) Proteinase solution from Dutch yeast. 1-0 cc. of the proteinase solution 
used contained less than 0-005 unit of dipeptidase, 0-05 unit of aminopoly- 
peptidase and that quantity of proteinase which in 19 hours caused an increase 
in the acidity of a 1-0 ce. sample corresponding to 0-85 ec. of N/20 KOH, when 
acting on gelatin in a volume of 2-5 cc. of mixture under the conditions of the 
proteinase estimation. 

The proteinase solution (1-0 cc.) at the required reaction was added to a 
hormone solution (1-0 cc., containing 38-4 units per cc.) which had been adjusted 
to the required p,,. The mixture was rapidly diluted to 2-5 cc., and a control 
sample (1-0 cc.) was removed. The procedure in these experiments was that 
described in the case of the dipeptidase preparation, except that the samples 
were incubated for 30 instead of 20 minutes. Experiments were carried out at 
Pry 5°2, 6-0, 7-0, 8-0 and 9-0. 


i 
Each control sample was assayed against a dilution of the stock hormone 
solution containing 0-16 unit per cc., the control solution (0-52 cc.) being diluted 
to 20 ce. at py 7-5 (0-16 unit per cc. for no inactivation). Each sample was 


assayed against its control sample. The results are given in Table IX and Fig. 4. 


would have had the same activity (0-18 unit per cc.). The results are given in 
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(C) Papain preparation, B.D.H. The papain preparation (2-5 mg., having 
the same activity as that described on p. 1243), dissolved in water (0-5 cc.), 
was added to a mixture of a hormone solution (0-5 cc., containing 156 units 
per cc.) and M/3 sodium phosphate buffer (1-5 cc.) at the required reaction. 








100 - re 
90+ 
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- 70} = 
a 60 : 
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5 30+ g 
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VL ! 
10 10 
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Fig. 4, 





Fig. 4. Enzyme preparations: A, dipeptidase; B, proteinase; C, papain. 


Fig. 5. A, yeast dipeptidase (substrate leucylglycine) [Willstiitter and Grassmann, 1926]; 
B, yeast aminopolypeptidase (substrate alanylglycylglycine) [Grassmann, 1927]; C, yeast 
proteinase (substrate gelatin) [Grassmann and Dyckerhoff, 1928]; D, yeast proteinase (sub- 
strate fibrin) [Grassmann and Dyckerhoff, 1928]; £, papain (substrate gelatin) [Willstatter 
and Grassmann, 1924]. 





Table IX. 


Dez see 4 g os 5-2 6-0 7-0 8-0 9-0 
Inactivation in control (%) See oes ae 0 1] 19 19 16 
Inactivation in exp. assayed against control (%) 1] 37 62 57 36 


The procedure was as described above, the control and sample portions measuring 
1-0 cc., and the period of heating being 30 minutes. Experiments were carried 
out at py 5-2, 5-8, 7-0, 7-5, 8-0 and 9-0. 


All samples were assayed against the corresponding controls; 0-2 cc. of each 
was diluted to 10-0 cc. at py 7-5, and would thus have contained 0-25 unit 


per ec. The assay of the control samples against a dilution of the stock hormone 
solution showed that they had undergone little or no inactivation. The results are 
given in Table X and Fig. 4. 

Table X. 


5-2 D8 7-0 7D 8.() 9-0 


Pu 
Inactivation (°%) 19 3s 


Oxytocic activity remaining after treatment of the hormone 
with the inactivating enzyme. 

The enzyme used was prepared from English brewer’s top yeast, and 200 mg. 
contained 10-2 units of dipeptidase, 2-8 units of aminopolypeptidase and no 
proteinase. A hormone solution (2-0 cc., containing 200 units per cc.) was ad- 
justed to p,, 7-8 and mixed with a solution of the enzyme preparation (200 mg.) 
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in M/3 sodium phosphate buffer at p,, 7-8 (2-5 cc.) and water (2-5 cc.). The 
mixture was immediately diluted with water to 10-0 cc. A control sample 
(1-5 cc.) was removed as rapidly as possible into a 2-5 cc. flask which was 
immersed in a boiling water-bath. The procedure already described was followed, 
other samples being taken at appropriate intervals. The reaction remained con- 
stant at p,, 7-8 during the experiment, and after 24 hours about 40 % of the in- 
itial dipeptidase activity and 90 °% of the aminopolypeptidase activity remained. 

For assay the samples (2-0 cc.) were diluted to 5 cc. at py 7-5 and compared 
with a thousand-fold dilution (0-2 unit per cc.) of the stock hormone solution. 
Theoretically, therefore, the dilutions of the samples used for the assay would 
have contained 60 times as much active substance as the standard if no inacti- 
vation had occurred. The control solution was diluted a hundred-fold for assay, 
thus containing 0-3 unit per cc. The results are given in Table XI. 


Table XI. 


Time (hours) 0 0-25 0-5 ] 24 


Activity present (°4) 23 1-0 0-7 0-7 0-7 


0 


This residual activity of 0-7 °%% was not due to histamine present as such in 
the stock hormone solution. In view of the method used to prepare this solution, 
it was unlikely that histamine should be found, but it was not impossible that 
traces might have been present as a result of adsorption on, or occlusion by, 
precipitates during the preparation. The oxytocic value of histamine in terms 
of hormonal activity having been ascertained as approximately 1-25 international 
standard units per 0-1 mg., the effect was investigated of heating at p, 11 for 
1 hour under similar conditions (a) a hormone solution containing 400 units, 
and (b) a histamine solution containing that quantity of base which had an 
activity approximately equivalent to 4 units (i.e. 1 % of the initial activity of 
the hormone solution). This treatment is well known to inactivate the hormone. 
If the activity remaining after prolonged treatment of the hormone with the 
inactivating enzyme was due to histamine, the hormone and histamine solutions 
should both have undergone inactivation to about the same value. In actual 
fact, however, the activity of the hormone solution fell practically to zero— 
definitely less than 0-016 unit, or 0-4 % of the activity remaining after pro- 
longed enzymic inactivation. The activity of the histamine solution, on the 
other hand, was lowered only to 2 units, or 50 % of its initial value. 


SUMMARY. 


1. The hormone is inactivated by preparations of yeast dipeptidase, amino- 
polypeptidase and proteinase. 

2. None of these enzymes is responsible for the inactivation, which is caused 
by a fourth enzyme present in these preparations. This has a p,,-optimum at 
Py 74. 

3. Papain preparations also contain the same enzyme. 

4. The enzyme does not inactivate the hormone completely. There remains 
an activity of 0-7 % of the initial value; this is not caused by histamine present 
in the stock hormone solution, but is believed to be due to a derivative of the 


oO 


hormone produced by the action of the enzyme. 


Our thanks are due to Dr W. Grassmann of Munich for gifts of dipeptidase 
and aminopolypeptidase, and to Messrs Boots Pure Drug Company, Nottingham, 
who generously presented the posterior lobe powder used in this work. 
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Accorp1nG to Wieland’s dehydrogenation theory [1922, 1, 2; 1932] enzymic 
oxidation is effected by removal of hydrogen, the function of the enzyme 
being to activate certain hydrogen atoms of the substrate molecule and thus 
render them capable of removal by a hydrogen acceptor (oxygen, methylene 
blue, quinones and other substances). This theory is strongly supported by 
experimental evidence, perhaps the most important being the fact that the 
dehydrogenating enzymes exhibit marked specificity towards substrates but no 
specificity towards hydrogen acceptors. According to Wieland, catalytic de- 
hydrogenation, such as that effected by the metals of the platinum group, is 
strictly analogous to enzymic dehydrogenation and is dependent on the acti- 
vation of certain hydrogen atoms in the molecules by the catalysts and the 
subsequent removal of these hydrogen atoms by a hydrogen acceptor. It has 
been postulated that the hydrogen activations brought about by the dehydrases 
and the metallic catalysts are effected by the enzyme or catalyst forming a 
molecular complex with the substrate molecule resulting in the weakening of 
the bonds holding certain of the hydrogen atoms. The combination of hydrogen 
and oxygen, catalysed by the metals of the platinum group, is effected in a 
similar manner; a catalyst-hydrogen complex is first formed resulting in the 
activation of the hydrogen, followed by its subsequent removal from the com- 
plex by the oxygen. 

In aerobic dehydrogenations with both enzymes and catalysts the formation 

































of hydrogen peroxide is demanded, the first step being the addition of the 
activated hydrogen atoms to the double bond of the oxygen molecule 


RH, + O, > BR + H,0,. 


In the aerobic dehydrogenations of xanthine and aldehydes in presence of their 
respective dehydrases it has been proved that hydrogen peroxide is formed 
[Wieland and Rosenfeld, 1929; Wieland and Macrae, 1930], and it is therefore 
probable that it is formed in all enzymic aerobic dehydrogenations; hydrogen 
peroxide is also an intermediate in the catalytic combination of hydrogen and 
oxygen | Hofmann, 1922]. The aim of this investigation was to establish that 


hydrogen peroxide is formed in catalytic dehydrogenation, as is demanded by 


the dehydrogenation theory. The catalytic dehydrogenation of alcohols to 
aldehydes [compare Wieland, 1912], which in itself is perhaps the most important 
dehydrogenation, has been investigated. 


1 Lister Institute Research Student in Biochemistry. 
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Difficulties in proving the intermediate formation of hydrogen peroxide in 
= aerobic dehydrogenation of alcohols were to be expected for the following 
easons. Palladium black and the other catalysts of the platinum group decom- 
aie hydrogen peroxide very rapidly into water and oxygen [Wieland, 1921]. 
It is very probable that hydrogen peroxide might compete successfully with 
oxygen as hydrogen acceptor in the dehydrogenation of further quantities of 
alcohol. Finally hydrogen peroxide is capable of combining with aldehydes 
[Wieland and Wingler, 1923]. In recent years, however, cerous hydroxide has 
. proved a valuable reagent for the detection of small quantities of hydrogen 
peroxide [Wieland and Rosenfeld, 1929; Wieland and Macrae, 1930; Macrae, 
1931], and it seemed possible that it might be successfully employed in this 
investigation. When a suspension of cerous hydroxide is treated with hydrogen 
peroxide the suspension changes from white to a deep yellow-orange « due to the 
formation of the very sparingly soluble ceric hydroperoxide 
2Ce(OH), + 3H,0, - 2Ce(OH),OOH + 2H,0. 
The ceric hydroperoxide may be centrifuged down and estimated iodimetri- 
cally ; after some experience it is possible to estimate the amount of ceric hydro- 
peroxide from the depth of the yellow coloration. Using cerous hydroxide 
10-® M or even less of hydrogen peroxide may be detected and 10-° M may be 
determined with considerable accuracy. 

Preliminary experiments on the catalytic combination of hydrogen and 
oxygen in presence of cerous hydroxide were carried out. Ceric hydroperoxide 
was formed and the observations of Hofmann [1922] have thus been verified. 
As was to be expected the ceric hydroperoxide formed represented only a very 
small percentage of that demanded by theory, the greater part of the hydrogen 
peroxide being decomposed or reduced to water before it could combine with the 
cerous hydroxide. 

When aqueous solutions of ethyl alcohol and methyl alcohol containing 
cerous hydroxide in suspension were shaken with air in presence of a specially 
prepared palladium black, a small yield of ceric hydroperoxide was produced, 
thus demonstrating that hydrogen peroxide is formed in the aerobic catalytic 
dehydrogenation of these alcohols to the corresponding aldehydes. The reaction 
therefore proceeds according to the equation: 


R.CH,OH + 0, > R.CHO + H,0,. 


This provides substantiation of the Wieland dehydrogenation theory. The 
catalytic dehydrogenation of other compounds will be investigated. 


EXPERIMENTAL. 


Preparation of the catalyst. Palladium black has been used throughout this 
investigation. The method of preparation employed was that of Willstitter and 
Waldschmidt-Leitz [1921]. It was found that immediately after preparation 
the catalyst was quite unsuitable for this work, being much too active. The 
palladium was therefore stored in a desiccator over potassium hydroxide and 
sulphuric acid for about 2 months; after that time the activity of the catalyst 
had fallen very considerably, but it still retained the power of catalysing the 

combination of hydrogen and oxygen and it also slowly effected the aerobic 
dehydrogenation of methyl alcohol and ethyl alcohol. Different preparations 
varied greatly in their suitability for this investigation. 

Determination of ceric hydroperoxide. Ceric hydroperoxide may be estimated 
with considerable accuracy by colorimetric comparison with standard sus- 
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pensions, but confirmation by a titration method was thought desirable. The 
method described for the determination of ceric hydroperoxide by Wieland and 
Macrae [1930] requires catalase and therefore is not convenient. It was found, 
however, that this compound may be directly titrated iodimetrically, and 
although absolute accuracy is not obtained by this method, it was considered 
sufficiently accurate for these experiments. 

When ceric hydroperoxide is decomposed by mineral acids it is converted 
into ceric salt and hydrogen peroxide (equation i). Iodimetric determination of 
the ceric salt and hydrogen peroxide is unfortunately impossible because a rapid 
interaction occurs between the ceric salt and the hydrogen peroxide resulting in 
the liberation of oxygen (equation ii). 


Ce(OH),OOH — Celv + H,0, sae 


2Celv + H,O, > 2Celli+OQ,+ 2... nace (ii). 


When, however, the ceric hydroperoxide is decomposed by very dilute acetic 
acid in presence of potassium iodide, the liberation of oxygen is almost com- 
pletely suppressed, and if the liberated iodine is immediately titrated with 
sodium thiosulphate fairly consistent results are obtained. Under these con- 
ditions it is only the ceric salt which liberates iodine; the liberation of iodine by 
hydrogen peroxide is very slow and may be ignored. 0-02 M cerous sulphate 
(2 cc.) was treated with 0-16 WM sodium borate (2 cc.) and to the resulting 
suspension of cerous hydroxide 0-0079 MW hydrogen peroxide (1 cc.) was added. 
After 10 minutes the yellow coloured mixture of cerous hydroxide and ceric 
hydroperoxide was centrifuged down, washed once with water and suspended 
in water (2 cc.) containing a few drops of W/ potassium iodide. M acetic acid 
(0-5 ec.) and two drops of a starch indicator solution were added, and the mixture 
was stirred. The suspension dissolved, and after 30 seconds the solution was 
titrated with 0-01. NV sodium thiosulphate. In 6 experiments the titrations were 
0-52, 0-50, 0-58, 0-56, 0-48 and 0-52 ce. of 0-01.N sodium thiosulphate—the 
theoretical value being 0°53 cc. 

The catalytic combination of hydrogen and oxygen. 0-02 M cerous sulphate 
(2 cc.) was added to several aggregates of palladium black (about 50 mg.) in the 
vessel (100 cc.) of a shaking apparatus. After about 1 minute 0-16 1 sodium 
borate (2 ce.) was added, which precipitated cerous hydroxide. The vessel was 
filled with a mixture of equal parts of hydrogen and air and was connected to a 
gasometer. The mixture was then shaken gently so that only a swirling motion 
was obtained, and the aggregates of palladium remained at the bottom of the 
vessel whilst the cerous hydroxide remained in suspension. There was a gradual 
absorption of gas, and after about 2 hours 15 cc. had been absorbed, and mean- 
time there had been a gradual development of a yellow coloration due to the 
formation of ceric hydroperoxide. The cerous hydroxide-ceric hydroperoxide 
suspension was decanted from the palladium and estimated by the methods 
described above. This experiment was repeated several times (Table I). Other 
experiments were carried out using finely divided preparations of a more active 
catalyst. A more rapid absorption of gas was thus obtained, but no development 
of a yellow coloration was noted, partly because of the masking effect of the 
palladium black which formed a fine suspension. In these experiments only a 
very slight liberation of iodine resulted on centrifuging, washing and dissolving 
the cerous hydroxide in acetic acid in presence of potassium iodide; it is probable 
that the palladium effected almost complete decomposition of the hydrogen 
peroxide before it could combine with the cerous hydroxide. 
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Table I. Mols. of Mols. of 
hydrogen hydrogen 
peroxide peroxide 

0-02 M 0-16 WV estimated estimated 
Palladium cerous sodium Gas colori- iodi- 
black sulphate borate Time absorbed metrically metrically 
mg. ee. ec. hours ee, 10-5 10-5 
50 (feebly active) 2-0 2-0 2 21 0-45 0-43 
50 me 2-0 2-0 2 16 0-45 0-37 
50 ve 2-0 2-0 l 10 0-30 0-28 
50 a 2-0 2-0 ~ 15 0-45 0-49 
50 (active) 2-0 2-0 0-5 30 — “0-05 
50 ms 2-0 2-0 0-5 28 - 0-05 
— 2-0 2-0 4 0 0 0 
— | 2-0 2-0 4 0 0 0 


Control experiments were carried out in the absence of palladium. Here 
there was no measurable absorption of gas and the cerous hydroxide suspension 
remained white; on subsequent treatment as above with acetic acid and potas- 
sium iodide it gave no liberation of iodine. 

The amount of hydrogen peroxide obtained as ceric hydroperoxide represents 
only a very small percentage of the theory (about 1 %), but there is little doubt 
that the first step in the combination of hydrogen and oxygen results in the 
formation of hydrogen peroxide. 

The catalytic dehydrogenation of methyl alcohol. 0-02 M cerous sulphate (2 cc.) 
was added to aggregates of palladium black (50 mg.) in the vessel of a shaking 
apparatus. After 1 minute 0-16 M sodium borate (2 cc.) was added and then pure 
methyl alcohol (0-5 ce.). As in the previous experiments the contents of the 
vessel were then gently shaken with air so that a swirling motion was obtained 
and the palladium remained at the bottom of the vessel whilst the cerous 
hydroxide remained in suspension. There was a slow absorption of gas and after 
several minutes the characteristic yellow colour of ceric hydroperoxide appeared 
and became more intense as the shaking continued. After about 5 hours 5 ce. 
of oxygen had been absorbed. The cerous hydroxide-ceric hydroperoxide 


Table IT. Mols. of  Mols. of 
hydrogen hydrogen 
peroxide peroxide 

0-02 M 0-16 M estimated estimated 
Palladium cerous sodium Methyl Oxygen colori- iodi- 
black sulphate borate alcohol Time absorbed metrically metrically 
mg. ee. ce. ce. hours ee. 10-5 10-5 
50 (feebly active) 2-0 2-0 0-5 3 3-5 0-45 0-39 
50 ee 2-0 2-0 0-5 5 5-0 0-52 0-51 
50 a 2-0 2-0 0-5 5 6-0 0-60 0-63 
50 ee 2-0 2-0 0-5 5 6-2 0-75 0-72 
50 (active) 2-0 2-0 0-5 S 9-5 = 0-05 
50 oe 2-0 2-0 0-5 2 10-0 0-06 
50 (feebly active) 2-0 2-0 5 0 0 0 
50 5 2-0 2.0 = 5 0 0 0 
—— 2-0 2-0 0-5 5 0 0 0 
-- 2-0 2-0 0-5 5 0 0 0 


suspension was decanted from the palladium and the characteristic odour of 
formaldehyde was perceptible. The ceric hydroperoxide was determined colori- 
metrically and iodimetrically as in the previous experiments. The experiment 
was repeated several times (Table II). Experiments using a more active finely 
divided catalyst were less successful. The following control experiments were 
carried out: cerous hydroxide and palladium black were shaken for 5 hours with 
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air; cerous hydroxide and methyl alcohol were shaken for 5 hours with air in 
the absence of palladium black. In both these experiments no oxygen was 
absorbed, no yellow coloration developed and no iodine was liberated in the 
iodimetric estimation. 

The yield of ceric hydroperoxide represents about 1 °%% of the theory. 

The catalytic dehydrogenation of ethyl alcohol. The procedure was the same as 
in the experiments with methyl alcohol. Pure ethyl alcohol was used and a slow 
absorption of oxygen accompanied by the development of the characteristic 
yellow colour of ceric hydroperoxide resulted. At the end of the experiment the 


Table II. Mols. of — Mols. of 
hydrogen hydrogen 
peroxide peroxide 


0-02 M 0-16 M estimated estimated 
Palladium cerous sodium Ethyl Oxygen colori- iodi- 
black sulphate borate alcohol Time absorbed metrically metrically 
meg. ce. ee. ec. hours ec. 10-5 10-5 
50 (feeblvy active) 20 20) OD 5 a8 0-67 0-66 . 
50 e 2-4) 2-() 0-5 { 5-0 0-60 0-53 
50 < 24) 2-0 0-5 } 1-8 0-60 0-57 
50 a ?-) 2-0) 0-5 3 4-() 0-45 0-46 
50 (active) »-() 2-0 0-5 2 11-0 0-04 
50 a 2) 2-0 0-5 1-5 8-5 0-06 
2-0 2) 0-5 > 0 0 0 
Pa) 2-4) OD ° 0 0 0 


odour of acetaldehyde was perceptible. The ceric hydroperoxide was estimated 
as in the experiments with methyl alcohol (Table III). As before an active finely 
divided catalyst was less suitable. A control experiment without palladium gave 
no gas absorption, no yellow coloration and no iodine liberation in the iodimetric 
determination. 

SUMMARY. 


1. It has been verified that hydrogen peroxide is formed intermediately in 
the catalytic combination of hydrogen and oxygen. 

2. Hydrogen peroxide has been detected in the catalytic aerobic dehydro- 
genation of methyl! alcohol and ethyl alcohol. The Wieland theory of dehydro- 
genation is thus substantiated. 


[ am indebted to Dr J. M. Gulland for advice. 
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CLXIX. THE INFLUENCE OF VARIATIONS IN 
SYSTEMIC ACID-BASE BALANCE UPON 
CARBOHYDRATE TOLERANCE IN 
NORMAL SUBJECTS. 


By GEOFFREY THOMPSON?, DAVID MICHAEL MITCHELL 
AND LAWRENCE COLEMAN KOLB. 


From the Department of Physiology and Biochemistry, Trinity College, Dublin. 
(Received June 29th, 1933.) 


THE relationship of changes in acid-base balance of the blood to carbohydrate 
storage has attracted the interest of several workers. Elias [1913], working 
with dogs, showed that the administration of HCl by mouth was followed by 
hyperglycaemia and glycosuria. Underhill [1916] showed that administration 
of acid tended to raise the blood-sugar, whereas alkalis reduced it. Hendrix 
and McAmis [1924] found that the alkalosis produced in dogs by the injection 
of hydrazine sulphate was associated with hypoglycaemia. Peters and Geyelin 
[1917], studying adrenaline hyperglycaemia in three human diabetics and two 
normal subjects, suggested that the hyperglycaemia and glycosuria were the 
results of an intermediate acidosis. Haldane [1924] reports ‘‘an upset of carbo- 
hydrate metabolism like that of diabetes” during the alkalosis induced by over- 
breathing or alkali ingestion. This observer also states that during ammonium 
chloride acidosis the ingestion of 100 g. of glucose produced hyperglycaemia 
and glycosuria. 

The subject is one of considerable interest owing to the association of severe 
acidosis with human diabetes. It seems possible that the acidosis of diabetes, 
which is incidentally the severest acidosis met with in human beings except for 
some cases moribund from uraemia, may have a contributory effect upon the 
changes in carbohydrate metabolism encountered in this disease. Unfortunately 
most of the experimental work up to the present suffers from the obvious draw- 
back of having been performed on laboratory animals and not on the human 
subject. 

The object of the present investigation was to study carbohydrate tolerance 
in young healthy male adults during experimental acidosis of a degree com- 
parable to that encountered in severe untreated diabetes. Such an acidosis can 
readily be induced by the oral ingestion of massive doses of ammonium chloride 
[Haldane, 1921]. Similar observations were performed on the same subjects 
during alkalosis induced by the ingestion of large amounts of sodium bicar- 
bonate. 

Method. Diet was kept constant throughout, except as regards water and 
salts. Metabolic changes occurring during acidosis and alkalosis were followed 
by estimations of the CO,-combining power of the blood-plasma and of the 
total daily excretion of acid, chloride and ammonia in the urine. In each case 
there was a preliminary control period on normal diet, followed by a period of 

1 Rockefeller Research Fellow in Biochemistry. 
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Day ee. 


Subject l: 


l 1325 
2 1530 
3 1220 
4 1740 
> 2600 
6 1960 
7 1000 
s 945 
9 760 
10 1090 
ll 2030 
12 2560 
13 — 


Subject 2: 


l can 
2 1020 
3 1130 
i 1025 
5 2320 
6 2420 
7 2030 
s ~ 
9 870 

10 1390 

ll 1680 

12 2050 

13 2510 

l 2690 

15 — 


Subject 3: 


l —_ 
2 1130 
3 1205 

1330 
5 2080 
6 2490 
7 2170 
8 2470 
9 1385 

10 1600 

11 2310 

12 2360 

13 
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Volume 
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Total daily output 


Acid 


ce. 


N/10 
NaOH 


379 
289 
29] 

483 
600 
665 


390 


29 
414 
463 
649 
936 
1068 
929 
526 
307 
129 
Nil 


intervals. 


Urine analysis. 


Table I. 


er 
Ammonia co, 
ee. Chlorides plasma 
NV/10 g vols. 
NaOH NaCl % 
599 11-6 — 
563 8-75 — 
488 4-9 63 
974 16-2 — 
1625 27-0 wees 
2399 24-5 — 
1972 9-3 33 
431 6-9 - 
403 4-1 — 
283 5-7 —_— 
81 2-4 _ 
51 3-9 — 
_ — 68 
is eat 52 
388 9-4 — 
378 13-6 — 
394 10-5 — 
72 18-7 —_ 
1142 29-65 tat 
1697 26-1 — 
— — 32 
313 9-2 — 
289 14-2 — 
262 14-4 = 
72 10-9 — 
90 14-4 —_— 
83 14:8 — 
_- = 57 
— — 66 
760 15 J 
733 14 
734 16 — 
1440 30 — 
1972 36 = 
2930 35 
3359 39 38 
1233 7 
678 s 
286 13 - 
Nil 9 - 
—_ — 68 
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Urine analyses. 


Ammonium 
chloride or 
sodium 
bicarbonate 
ingested 


Nil 
Nil 
Nil 


. NHC! 
. NH,CI 
g. NH,Cl J 


Nil 
Nil 
Nil 


. NaHCO,” 
. NaHCO, > 


. NaHCO, ) 





Nil 

Nil 

Nil 

Nil 
15 g. NH,Cl 
20 g. NH,Cl 
20g. NH,Cl 

Nil 

Nil 

Nil 

Nil 
20g. NaHCO, 
20 g. NaHCO, 
20 g. NaHCO, 

Nil 

Nil 

Nil 

Nil 
20g. NH,Cl 
20 g. NH,Cl 
20 g. NH,Cl 
20 g. NH,Cl 
25 g. NH,CI 

Nil 
20g. NaHCO, 
25 g. NaHCO, 
30g 


Quantitative. 


amino-acids. 
(3) Chlorides by Volhard’s method. 


g. NaHCO, 


(1) Total acidity by Folin’s method. 
2) Ammonia by Malfatti’s formaldehyde titration method. This includes 


Remarks 


Control glucose tolerance test 

Symptoms: headache, insomnia; continuous 
nausea, no actual vomiting. No dyspnoea. Only 
17 g. on account of nausea. Better next day 

Acidosis glucose tolerance test 


Symptoms: marked thirst, otherwise nil 


Alkalosis glucose tolerance test 


Control glucose tolerance test 

Salivation; slight nausea 

Nausea more marked; watery diarrhoea 
Headache; severe nausea; vomited at 3 a.m. 
Acidosis glucose tolerance test 
Symptoms nil 


Alkalosis glucose tolerance test 


Control glucose tolerance test 


Symptoms nil except for increased salivation 


Acidosis glucose tolerance test 
Symptoms nil 
Symptoms nil 
Symptoms: marked tingling in hands and feet 
Alkalosis glucose tolerance test 


acidosis and finally a period of alkalosis, diet being kept constant throughout. 
Glucose tolerance was estimated during each period by following the changes 
in venous blood-sugar after the oral ingestion of 100 g. of B.D.H., A.R. standard 
dextrose dissolved in 250 cc. of water. Specimens of blood were withdrawn at 
15-minute intervals during the first hour of the test, and then at 30-minute 
intervals. Urine specimens were examined for reducing substances at half-hour 































































ACID-BASE BALANCE AND CH METABOLISM 


B. Qualitative. 
(1) Protein by salicylsulphonic acid. 
(2) Sugar by Benedict’s qualitative method. 
(3) Ketone bodies by Rothera’s method. 

Blood-sugar was determined in specimens of venous blood by Folin and 
Wu’s colorimetric method. The figures obtained include non-glucose reducing 
substances [Herbert and Groen, 1929]. 

Induction of acidosis. This was accomplished by the ingestion of ammonium 


| cee ae 


ntinuous chloride in 2 % solution. The total amounts taken were 52 g., 55 g. and 105 g. 
ea. Only in 3 days. 
xt day : 


Induction of alkalosis. Sodium bicarbonate suspended in water was ingested 
in amounts as shown in Table I. The mixture was stirred up and immediately 
swallowed. Thus in spite of low solubility 5 or 10 g. could be taken in a small 
| ) volume of water. 

















i A-Normal 
fe = 200 + B- Acidosis 
© A-Normal Ss C- Alkalosis 
S '80;—_ +——; B-Alkalosis + 180 —|— + 
~ C- Acidosis = 
7 —+—_—_— 2 160 
vi ee : 
a.m. ; * 140 + 8 = 140 
f os = 
= co 
& 120 & 120 
Ss 1005 & 1005 
° 2 
= z 
~ 80 e 80 
= 60 > 60 
ue ae6CUmSC 4) % | 1h 2 
j Hours after ingestion of 100 g. glucose. Hours after ingestion of 100 g. glucose. 
Glycosuria nil throughout. Glycosuria nil throughout. 
—_ Fig. 1. Blood-sugar curves in subject 1. Fig. 2. Blood-sugar curves in subject 2. 
' 
a A-Normal 
1 feet A — B-Alkalosis 
be C- Acidosis 
So 
bo 8 =f 
cw 
S 
292 
a) 
2 
S 
= o 4% &}» i 1 14, 2 


Hours after ingestion of 100 g. glucose. 
Glycosuria nil throughout. 


Fig. 3. Blood-sugar curves in subject 3. 


Determination of CO.-combining power of plasma. In each case this deter- 
mination was performed on the first specimen of blood (fasting) taken for the 
glucose tolerance test. About 5 cc. of venous blood were rapidly withdrawn 


79—2 
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under oil without stasis, oxalated and rapidly centrifuged under oil. The plasma 
was sucked off and equilibrated with the subject’s own alveolar air. The CO, 
content of 1 ec. of equilibrated plasma was then determined in the Van Slyke 
apparatus, duplicate determinations being performed in each case. Results, 
after appropriate corrections for temperature and pressure, are shown in Table I. 


DISCUSSION AND CONCLUSIONS. 


It was found possible by the ingestion of large amounts of ammonium 
chloride to reduce the alkali reserve of the blood-plasma to a level comparable 
with that found in diabetic coma and to raise the urinary excretion of acid by 
100-200 % and of ammonia by 300%. The acidosis so produced caused a 
definite failure in glucose tolerance, shown by hyperglycaemia and slow return 
of the blood-sugar to fasting level following glucose ingestion, but without any 
trace of glycosuria. These points are strikingly shown in subjects 1 and 2, but 
are less marked though still apparent in subject 3 for whom the curves for venous 
blood tend to be of a flat type. The absence of glycosuria is surprising in view 
of the fact that in two of the subjects the blood-sugar level exceeded what is 
usually regarded as the normal renal threshold. 

The ingestion of sodium bicarbonate in large doses, sufficient to reduce the 
urinary excretion of ammonia and acid to zero, was not followed by marked 
increase in the CO,-combining power of the plasma. In subject 1 the last dose 
of alkali (10 g.) was taken 2} hours before the determination of plasma-CQ,. 
These observations were carefully performed on three occasions with the same 
result. Palmer and Van Slyke [1917] found it necessary to raise the plasma- 
bicarbonate to 75-80 volumes % by alkali ingestion before the sum of urinary 
ammonia and titratable acid fell to zero. It appears, however, that the CO,- 
combining power of the plasma may sometimes be a misleading guide to the 
extent of the total upset in acid-base balance following alkali ingestion. 

Ingestion of alkali caused very little variation in the blood-sugar response 
to glucose ingestion. There was a tendency to a sharper rise in the initial phase, 
but thereafter the curves were little different from normal. 
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CLXX. STUDIES ON THE RELATIONSHIP 
BETWEEN CHEMICAL CONSTITUTION 
AND PHYSIOLOGICAL ACTION. 


V. MOLECULAR DISSYMMETRY AND 
PHYSIOLOGICAL ACTIVITY. 


By LESLIE HILTON EASSON anp EDGAR STEDMAN. 
From the Department of Medical Chemistry, University of Edinburgh. 


(Received June 30th, 1933.) 


WHEN a molecularly dissymmetric substance possesses pharmacological activity 
it is frequently, although not invariably, found that one optical isomeride is 
considerably more potent than the other. The work carried out on this subject 
has been reviewed by Cushny [1926], who himself made a detailed pharmaco- 
logical comparison of the antimeric adrenalines and hyoscyamines. Largely as 
a result of his studies on these substances, Cushny regarded optical activity as 
a factor which is quite distinct from general structure in determining the 
magnitude of the specific pharmacological activity of a molecule, and this view 
is, we believe, the one which is currently held. 

Cushny regarded the difference between the physiological activities of two 
optical isomerides as analogous to the different behaviours of the antimeric forms 
towards optically active acids and was of the opinion that an explanation of 
the influence of molecular dissymmetry on physiological activity would be found 
along the lines of this analogy, possibly, for example, by the more active 
isomeride forming a compound with an optically-active specific receptor in the 
tissues which possessed different physical properties from that formed with its 
enantiomorph. 

It is the purpose of the present communication to elaborate an alternative 
view according to which there appears to be no reason for differentiating between 
molecular dissymmetry and structure in regard to the manner in which they 
influence physiological activity. On the contrary, it is considered that the 
different physiological activities of optical isomerides may frequently be ascribed 
to circumstances which are identical with those which cause different sym- 
metrical molecules to exhibit different physiological activities; in other words, 
that molecular dissymmetry is, of itself, without influence on physiological 
activity, and that both it and the optical activity with which it is associated 
are accidental accompaniments, in optical isomerides, of different molecular 
arrangements which differ in their ability to cause the development of a par- 
ticular physiological effect for precisely the same reasons that two structural 
isomerides so differ. 

Before considering any definite examples, the theoretical basis of our sug- 
gestion must be explained. This starts from the postulate that a drug is attac shed 
to its specific receptor in the tissues in such a manner that a considerable 
proportion of the drug molecule is involved. If an asymmetric carbon atom is 
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present, three of the groups linked to this atom may be concerned in the process. 
The exact nature of the attachment is immaterial to the main argument, but 
it is our view that this may be effected either by normal valencies or by ad- 
sorptive or other forces; or it may be of a loose type, somewhat analogous to 
the attachment of a glove to the hand, involving the contour of a large part 
of the molecule rather than points on its surface; or, finally, a combination of 
these possibilities may be involved. Whatever the mechanism, the position of 
affairs may be represented by the dia- 


grams in Fig. 1. Of these, III and IV 4 \ b 
represent, in the conventional manner, o 4 1\ 

two enantiomorphs, while VI depicts dia- ,/ |... Sp ak f si a . 
grammatically the surface of the specific ~ ZZ _ c 
receptor in the tissues. For the drug mole- 1 ies nage _ 
cule to produce a maximum physiological — 

effect it must, according to the above VI 


postulate, become attached to the receptor Fig. 1. 
in such a manner that the groups B, C and 

D in the drug coincide respectively with B’, C’ and D’ in the receptor. Such 
coincidence can only occur with one of the enantiomorphs (III), and this con- 
sequently represents the more active form of the drug. Let it now be supposed 
that the dissymmetry of III is abolished by replacing the group A by a second 
group B. The resultant molecule, represented by V, retains unchanged that 
part of the structure of III, i.e. the base BCD of the tetrahedron, which is 
concerned with its attachment to the specific receptor and must therefore be 
considered capable, despite the absence of molecular dissymmetry, of exerting 
its physiologic val activity with an intensity numerically equal to that of III, 
except in so far as this activity is changed by modifications in such of its 
properties as are not directly concerned with its attachment to the receptor. 
It will be noted that V possesses a second face, shaded in the diagram, con- 
taining the groups BCD. This face, however, corresponds with the base of IV 
and, like this, cannot be brought into coincidence with the receptor. 

In order to apply this generalised argument to a particular drug it must be 
decided which of the four groups linked to the asymmetric carbon atom are 
concerned in the attachment of the drug molecule to the rece ptor. Such a 
decision can be reached with a fair degree of certainty for l-adrenaline from a 
consideration of the abundant evidence which is available relating structure to 
sympathomimetic action, and there seems little doubt that the groups in ques- 
tion are the basic, the aromatic, and the alcoholic hydroxyl groups. Our reasons 
for this conclusion, as well as our views regarding the mechanism of attachment, 
are briefly as follows. (1) The basic group is a feature ‘common to all the sym- 
pathomimetic bases. From its nature it appears probable that this group is 
linked to the receptor by means of normal valencies. (2) The aromatic group 
is also necessary for the development of any appreciable activity. Whether or 
no this is attached by normal valencies is more problematical. We think, how- 
ever, that it should be regarded as a possibility that the group, as a whole, “fits” 
the receptor, but that when it carries phenolic hydroxyl groups in the m- or 
p- positions it becomes more firmly attached by means of normal valencies. 

The alcoholic hydroxyl group is necessarily concerned in the attachment, 
since it is the presence of this group which is responsible for the outstanding 
activity of /-adrenaline. It is nevertheless difficult to say whether it is combined 
chemically with the receptor or whether it merely causes a better “fit” of the 
drug to the receptor. 
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Of the four groups linked to the asymmetric carbon atom in /-adrenaline 
it is thus the hydrogen atom, represented by A in III, which plays no part in 
the attachment of the drug to the receptor. If this group were replaced by a 
hydroxyl group a symmetrical compound corresponding with V would result 
which, according to the above argument, would possess a physiological activity 
equal to that of J-adrenaline except in so far as this activity was modified 
by changes in the physical properties of the compound due to the presence of 
the second hydroxyl group. Unfortunately such a compound is not capable of 
existence and cannot, therefore, be utilised to test our hypothesis. A similar 
test, scarcely less satisfactory, can however be made. If IV be regarded as 
representing d-adrenaline, it is clear that the hydroxyl group (B) cannot be 
concerned with the attachment of the drug to its receptor, but that this must 
be brought about by the face ACD involving the hydrogen atom (A), and the 
smaller physiological activity of this isomeride is attributed to the less perfect 
combination which results. By substituting a hydrogen atom for the hydroxyl 
group in d-adrenaline a symmetrical molecule would be obtained which, on the 
hypothesis which we have advanced, should combine as readily as d-adrenaline 
with the receptor and should therefore exhibit, with the above reservation re- 
garding physical properties, the same physiological activity as this compound. 
The symmetrical compound in question is 3 : 4-dihydroxy-8-phenylethylmethyl- 
amine. While the activity of this compound has not been compared directly 
with that of d-adrenaline, data are available from which the relative activities 
of the two bases can be calculated. Thus, according to Barger and Dale [1910], 
the pressor activity of dl-adrenaline is seven times as great as that of 3:4- 
dihydroxy-8-phenylethylmethylamine, while Cushny’s results show that /-adren- 
aline is 12-15 times as active as d-adrenaline. It follows that d-adrenaline is 
1-07 to 0-87 times as active as 3: 4-dihydroxy-8-phenylethylmethylamine, a 
result which corresponds with that deduced from our hypothesis much more 
closely than might have been anticipated. 

One such favourable result cannot, of course, be regarded as establishing 
the correctness of our suggestion, and we have therefore attempted to obtain 
further experimental support for it with another group of drugs, namely the 
synthetic miotics which have formed the subject of the preceding papers of this 
series (for references, see Stedman [1931]). Among these drugs, miotine (VII) 


| “\O.CO.NHMe ( )0.CO.NHMe \0.CO.NHMe 
L | L | eS 
; 7 S J Ny 
| | 
H—C—CH, H—C_R CH,—C—CH, 
| | | 
NMe, NMe, NMe, 
VII VIII IX 


possesses exceptional miotic activity, and one which is considerably greater 
than that of the methylurethane of m-hydroxybenzyldimethylamine (VIII; 
R = H). Its large activity is thus associated with the introduction of the methyl 
group into the side-chain, which simultaneously creates an asymmetric carbon 
atom in the molecule. We were inclined originally to ascribe the high physio- 
logical activity of this substance to the latter circumstance, but the view outlined 
above now offers an alternative explanation. According to this view miotine, 
and the miotics of this class in general, must become attached to their receptor 
by means of the basic and NH(CH;).CO.0.C,H,-groups, since these two groups 
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are together responsible for the physiological properties of these compounds. 
Since the presence of the methyl group in miotine is associated with high 
physiological activity it must further be assumed that, in the more active 
isomeride, this group causes a more perfect combination to take place between 
drug and receptor than would occur in its absence. In the less active isomeride, 
on the other hand, the methyl group must be directed away from the receptor 
and consequently cannot directly influence the fixation of the drug. It is thus 
clear that a compound of the formula IX, in which the molecular dissymmetry 
of miotine has been abolished by the introduction of a second methyl group, 
should possess a physiological activity equal to that of the more active form of 
miotine except in so far as this activity is modified by changes in the physical 
properties of the compound. Similarly, the less active form of miotine should 
possess an activity equal to that of VIII (R = H). 

In order to test these deductions, certain of the properties of the compounds 
VII, VIII (R = H) and IX have been compared. In addition some urethanes 
of the general formula VIII, in which R = Et, Pr*, and Ph, have been similarly 
examined in order to obtain data from which the influence of increased hydro- 
carbon content on the physiological activity of this type of substance might to 
some extent be judged. Measurements have also been made with the corre- 
sponding methiodides. The latter, however, clearly contribute little to the 
present discussion, since the methiodide from miotine does not show any 
markedly greater activity than that of its parent substance (VIII; R = H). 
A description of the various compounds examined will be published elsewhere. 


RESULTS. 


Miotic activities. The above urethanes were first compared with respect to 
their action on the pupil. For this purpose, one drop of a solution of the hydro- 
chloride or methiodide in physiological saline was instilled by one of us (E. 8.) 
into the eye of a cat. To ensure that the drops were, as far as possible, of the 
same size, the same pipette was used throughout the experiments. Individual 
variations in different animals were avoided by carrying out all the tests on 
one animal. Alternate eyes were used, but on no occasion was an experiment 
carried out until both eyes were completely normal. This usually necessitated 
an interval of 24, and in some cases 48, hours between successive experiments. 
The results are tabulated below. Slight salivation usually occurred shortly after 
the instillation of the drug; with Nos. 6 and 12, however, salivation was con- 
siderable. Racemic miotine was necessarily used for these experiments, since, 


Cone. 
Methylurethane of Miosis 
1. m-NHMe.CO,.C,H,.CH,.NMe,, HCl 0-1 Slight but distinct after 20-25 mins. 
2. m-NHMe.CO,.C,H,.CHMe.NMe,, HCl 0-1 Very marked; commenced in 15 mins. and 
reached maximum in 25 mins. 
3. m-NHMe.CO,.C,H,.CMe,.NMe,, HCl 0-1 Similar to 2 but effect somewhat greater 
4. m-NHMe.CO,.C,H,.CHEt.NMe,, HCl 0-1 Similar to 1 but effect greater 
5. m-NHMe.CO,.C,H,.CHPr*.NMe,, HCl = 0-1 Similar to 1 and 4 
6. m-NHMe.CO,.C,H,.CHPh.NMe,, HCl 0-1 Nil 
1-0 Slight after 30-40 mins. 
7. o-NHMe.CO,.C,H,.CH,.NMe,, HCl 0-1 Commenced in 15 mins. Probably greater 
than |] 
8. p-NHMe.CO,.C,H,.CH,.NMe,, HCl 0-1 Nil 
9. m-NHMe.CO,.C,H,.CMe,.NMe,I 1-0 Distinct after 15-20 mins.; maximum in 
25-30 mins. 
10. m-NHMe.CO,.C,H,.CHEt.NMe,I 1-0 Very slight after 30 mins. Less than 9 
11. m-NHMe.CO,.C,H,.CHPr*. NMegI 1-0 Nil 
12. m-NHMe.CO,.C,H,.CHPh.NMe,I ‘ Slight after 30-40 mins. 
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at the time they were carried out, the antimeric forms were not available. This, 
however, does not invalidate the results. According to our argument a com- 
pound of formula IX should possess an activity equal to that of the more active 
form of miotine and hence greater than that of di-miotine. This involves, it is 
true, the assumption that the two forms of miotine differ in activity, but this 
assumption, as will be seen from a later section, has now been verified. 

The above results are clearly in accordance with our hypothesis. The general 
effect of increasing the hydrocarbon content of the molecule is to diminish its 
miotic activity. This is exemplified by the activities of 4 and 5, which are much 
smaller than that of miotine (2). On the other hand, the introduction of the 
second methyl group into miotine with the production of 3, although this 
necessarily increases the hydrocarbon content of the molecule, is associated with 
an increase in miotic activity. 

The miotic activities of the methylurethanes of the isomeric hydroxybenzy]l- 
dimethylamines (1, 7 and 8) have been re-examined since, according to Stedman 
[1929], they are in the order o> p>m while White and Stedman [1931] state 
that the m-compound is more active than the p. In agreement with the latter 
result the order is now found to be o = m > p. 

Inhibitory activities towards liver esterase. It has been shown by Stedman and 
Stedman [1931; 1932] that, in addition to possessing characteristic pharmaco- 
logical properties, urethanes of the type under consideration also inhibit the 
activity of liver esterase. Since the suggestion which we have made regarding 
the influence of molecular dissymmetry on physiological activity applies equally 
well to the influence of the same factor, either in substrate or inhibitor, on 
enzymic activity, we have compared the inhibitory activities of the above 
urethanes on the liver esterases from the cat and the pig. As in the miosis 
experiments, dl-miotine was employed. 

The enzyme preparations were made by extracting the desiccated liver 
powder with dilute ammonia, precipitating some impurities from this extract 
with acetic acid, and then dialysing the centrifugate, according to the detailed 
procedure previously described. A method, based upon that of Knaffl-Lenz 
[1923], has however now been employed for following the hydrolysis of the 
substrate. To a solution of 0-25 cc. of methyl butyrate in 100 cc. of water 
warmed to 30° were added 10 drops of a solution of bromothymol blue and 
sufficient NaOH to bring the solution to about p;, 7-6 as shown by the indicator. 
A suitable volume of the enzyme or enzyme-inhibitor solution was then added 
and the p,, of the solution maintained as constant as possible at the above value 
by the addition, drop by drop as required, of 0-02 N NaOH. Burette readings 
were taken at regular intervals. The inhibitor was left overnight in contact with 
the enzyme. 

The results obtained with liver esterase from the cat are given in Table I. 
Since all the inhibitors examined were of the general formula 


NHMe.CO,.C,;H,.CRR’.NMe, 


they are described in this and the following tables by the groups which are 
represented by RR’ in this formula. It should be mentioned that considerable 
difficulty was experienced in obtaining consistent results with the enzyme from 
the cat and many measurements had to be discarded as worthless. The cause 
of this inconsistency was ultimately traced to the fact that the acidity of an 
extract of liver esterase from this animal slow ly increases on standing. Now, the 
inhibitory activities of the urethanes in question vary with the py of the solution 
in which they are in contact with the enzyme. Since the measurements with 
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Table I. 


Enzyme: liver esterase from cat. Substrate: methyl butyrate. py 7-6. t=30°. 
Final cone. of inhibitors: 4 x 10~? molar. 

Alkali in 5 min. Percentage i 

Inhibitor periods Total inhibition | 


Hydrochlorides 


Control 4-2, 4-2, 4-1, 4-2 16-6 —_ 

H, H 1-2, 1-2, 1-1, 1-2 4-7 72 f 
H, Me 1-2, 1-3, 1-2, 1-3 5-0 70 

Me, Me 1-0, 0-9, 1-0, 1-0 3-9 77 

H, Et 1-3, 1-3, 1-3, 1-3 53 68 

H, Pr* 1-2, 1-2, 1-4, 1-3 5-1 69 

H, Ph 1-7, 1-5, 1-8, 1-6 6-6 60 

Hydrochlorides 

Control 4-6, 5-0, 4-8, 4-7 19-1 — 

H, H 1-1, 1-3, 1-3, 1:3 5-0 74 ; 
H, Me 1-0, 1-2, 1-1, 1-1 4-4 77 : 

Me, Me 0-9, 0-9, 1-1, 1-0 3-9 80 

H, Et 1-2, 1-2, 1-3, 1-3 5-0 74 


the individual drugs were usually made seriatim, they were carried out with 
a solution which was becoming progressively more acid and hence were not 
comparable. In the experiments recorded in Table I, this difficulty was over- 
come by carrying out each group of experiments simultaneously, the enzyme 
solution having been brought to p;,; about 7-6 by the addition of alkali imme- 
diately prior to mixing it with the inhibitors. A buffer could hardly be employed, 
since the amount necessary to prevent the change in acidity would have inter- 
fered with the accuracy of the subsequent titration. We are unable definitely 
to explain the cause of this liberation of acid. It did not appear to be due to 
the action of micro-organisms since the enzyme extract was saturated with 
chloroform in order to keep it sterile. The most probable explanation is that it 
was caused by the presence of another enzyme, possibly an oxidase, in the 
extract. 

An inspection of Table I shows that the results run parallel with those ob- 
tained in the miosis experiments. Increase in the size of the alkyl group 
diminished the inhibitory activity of the urethane, while the introduction of 
the second methyl group into miotine increased it. 

Tables II and III give the results obtained with liver esterase from the pig. 
The enzyme preparation used in the first series was made from a liver powder 
which was over a year old; that employed in the second was from a freshly 
prepared powder. This apparent duplication of experimental material was made 
because the activity towards methyl butyrate of an extract from an old powder 
is always considerably less than that from a new one, whereas the reverse holds 
when the substrate is tributyrin, and it was desired to ascertain if this diminu- 
tion in activity was accompanied by any change in the inhibition phenomena. 
It can be seen from the tables that this is not the case. In these experiments | 
the enzyme was left overnight in contact with the inhibitor in the presence of 
a small amount of buffer (p,, 8-9). 

The results obtained with the enzyme from the pig do not at first sight 
appear to be so favourable to our hypothesis as do those described above. While 
they are satisfactory to the extent that the symmetrical compound (Me, Me) 
possesses a greater inhibitory activity than its isomeride (H, Et), the former is 
nevertheless considerably less active than miotine. When, however, it is recalled 
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Table IT. 


Enzyme: liver esterase from pig. Substrate: methyl butyrate. py, 7-6. t=30°. 
Final conc. of inhibitors: hydrochlorides, 2-5 x 10-7; methiodides, 2-5 x 10-* molar. 


Alkali in 5 min. Percentage 
Inhibitor periods Total inhibition 
Hydrochlorides 
Control 1-8, 1-9, 2-0, 1-9 7-6 — 
H, H 1-4, 1-4, 1-35, 1-45 5-6 26 
H, Me 1-25, 1-15, 1-25, 1:3 4-95 35 
Me, Me 1-3, 1-4, 1-4, 1-35 5-45 28 
H, Et 1-4, 1-5, 1-45, 1-4 5-75 24 
H, Pr* 1-4, 1-45, 1-55, 1-6 6-0 21 
H, Ph 1-1, 1-1, 1-2, 1-1 4:5 4l 
Methiodides 
Control 2-0, 2-05, 1-95, 2-0 8-0 — 
H, H 0-9, 1-0, 1-0, 0-95 3°85 52 
H, Me 1-05, 0-95, 0-9, 1-0 3-9 51 
Me, Me 0-9, 0-95, 0-9, 0-95 3-7 54 
H, Et 1-05, 1-0, 1-05, 0-95 4-05 49 
H, Pr* 1-05, 1-05, 1-05, 1-0 4-15 48 
H, Ph 1-25, 1-2, 1-1, 1-15 4-7 41 


Table ITI. 


Enzyme: liver esterase from pig. Substrate: methyl butyrate. py 7-6. t=30°. 
Final conc. of inhibitors: hydrochlorides, 2-5 x 10~7; methiodides, 5 x 10~* molar. 





Alkali in 5 min. Percentage 
Inhibitor periods Total inhibition 
Hydrochlorides 
Control 22-0 = 
H, H 13-5 39 
H, Me 10-8 51 
Me, Me 13-1 40 
H, Et 13-9 37 
B, P* 15-5 30 
H, Ph 12-3 44 
Methiodides 
Control 52, 5-4, 5-4, 5-4 21-4 == 
H, H 3-6, 3-5, 3-6, 3-5 14-2 34 
H, Me 3-6, 3-6, 3-5, 3-6 14-3 33 
Me, Me 3°7, 3-7, 3-8, 3-7 14-9 30 
H, Et 3-7, 3-7, 3-6, 3-6 14-6 32 
H, Pr* 3-7, 3-6, 3-7, 3-7 14-7 31 
H, Ph 3-5, 3-5, 3-5, 3-6 14-1 34 


that the general effect of increasing the hydrocarbon content is to diminish the 
activity of the compound, it is clear that if the difference between the inhibitory 
activities of d- and J-miotine is, in this case, small the hydrocarbon effect might 
outweigh that due to configuration. Since the above experiments were carried 
out the preparation of the antimeric miotines by Macdonald and Stedman [1932] 
has enabled us to test this point, and it has, in fact, been found that there is 
little difference between the inhibitory activities of the two forms towards liver 
esterase from the pig, although the /-compound is slightly the more active. The 
results, therefore, can be regarded as consistent with our theory. 

Action on intestine. A detailed pharmacological comparison of d- and /- 
miotine, which have now become available, is being made by Dr A. C. White, 
who has informed us that, in those experiments which he has so far carried out, 








*poysea = 44 “WOI4NIOS s,oporsy, 
jo sqred 900000001 10d Snap jo sqred quosoidor sioquinyy “41qqeI OY} JO OUTYSOZUT [[VUIS pozRTOst oy} UO (qf ‘F{-7p) OUTUTe_AYQourp_Adoad-w- [uayddxoap 
-Ay-w-2-7p Jo ouvyyomnpAyyour oy Jo pue (oy ‘H{-7P) ouMgorUI-7p Jo soptzoTYyoorpAY oY} JO sorztATZOW OY} Jo UOsStIeduIOD BSuIMOYs Surovs}, snonuyuog °*% “Sy 


in ¢ © 9 
‘ 1q°H-1P M 2W°H-/P 1q°H-1P 


g 
19 ‘H-1P 4 
V 


| "cn 


wer 





ee 








MOLECULAR DISSYMMETRY AND PHYSIOLOGICAL ACTION 1265 


the l-isomeride has proved to be the more active. In order, however, to obtain 
numerical data bearing on the subject of the present investigation we have 
compared the activities of a number of the urethanes mentioned above, in- 
cluding d- and /-miotine, on the isolated rabbit intestine. The following ratios, 
which refer to the concentrations required to produce equal — were ob- 
tained for es sag of urethanes indicated: dl-H, Me: dl-H, Et = 2:1; Me, Me: 
dl-H, Et = 2-7:1; 1-H, Me: d-H, Me = 5:1; Me, Me: J-H, Me = 2:3; dl-H, Me: 
H, H = 2A. From these figures the relative activities of the various com- 
pounds are deduced to be as follows: 


H, H d-H, Me dl-H, Et dl-H, Me Me, Me l-H, Me 
1 5 6 12 16 24 


According to the activities thus assigned to d- and /-miotine, the racemic com- 
pound should have an activity of (24 + 5)/2 = 14-5. Actually, it was found by 
direct comparison with the methylurethane of m-hydroxybenzyldimethylamine 
to be 12, which is in satisfactory agreement with that calculated. 

An inspection of the above figures at once shows that the results obtained 
are in general accord with that anticipated from our hypothesis. The symme- 
trical compound Me, Me has an activity which is 3 times that of d-miotine and 
only slightly less (two-thirds) than that of /-miotine. Moreover, the diminution 
in activity due to what we have termed the hydrocarbon effect on passing from 
miotine to its next higher homologue is, when judged from the compounds 
dl-H, Me and dl-H, Et, 6 units. Assuming that the additional methyl group 
in Me, Me has produced the same effect, the activity for this compound, when 
corrected by the addition of 6 units, becomes 22, a value which is in satisfactory 
agreement with that obtained (24) for /-miotine. The only discrepancy between 
these results and our anticipations is the fact that d-miotine is 5 times as active 
as its lower homologue, whereas according to our deductions these substances 
should be equally active. We do not, however, regard this discrepancy as serious. 
It is possible that the hydrocarbon effect on passing from H, H to H, Me may 
be in the opposite direction from that associated with the change from H, Me 
to Me, Me or H, Et. 

In order to illustrate the method adopted, and the degree of accuracy 
attained, in the comparison of the activities of the different urethanes, the 
tracings for dl-miotine and the methylurethane of «-m-hydroxyphenyl-n-propyl- 
dimethylamine (H, Et) are reproduced in Fig. 2. These tracings are typical of 
those obtained in the experiments recorded above. In each case a strip of the 
small intestine from the rabbit was suspended in Tyrode’s solution and was 
treated alternately with the two drugs under comparison. It was invariably 
found that the response of the intestine was at first inconstant but became 
constant after several hours. At this stage the concentrations of the two drugs 
under comparison were sought which produced the same effect on the strip of 
intestine. Only the latter and significant portions of the tracing are reproduced 
in Fig. 2. 


SUMMARY. 


1. It has been shown theoretically, on the assumption that three of the 
groups linked to the asymmetric carbon atom in an optically active drug are 
concerned in its attachment to its specific receptor in the tissues, that molecular 
dissymmetry and its associated optical activity have no direct influence on the 
magnitude of the physiological activity of a drug. 
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2. The same argument holds with respect to the relationship between mole- 
cular dissymmetry in a substrate molecule or in a specific inhibitor and their 
power of combining with an enzyme. 

3. This theory has been shown to be in agreement with the fact that the 
pressor activities of d-adrenaline and 3 : 4-dihydroxy-8-pbenylethylmethylamine 
are, within the limits of experimental error, equal. 

4. A comparison of the miotic activities of a number of urethanes has given 
results which are also consistent with this theory. Similar results have been 
obtained in a comparison of the inhibitory activities towards liver esterase and 
of the activities on the isolated intestine from the rabbit of the same urethanes. 


Part of the expense of this investigation has been met by grants from the 
Earl of Moray Research Fund of this University. 
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CLXXI. CYSTINE AND NEPHROTOXICITY. 


By MURIEL EMMA BELL}. 
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(Received July 6th, 1933.) 


By administering excessive cystine to rats and other animals many workers 
appear to have produced injurious effects on the kidneys. This damage has not 
always been observed however, and it seemed possible that considerable clinical 
importance might attach to a study of the reason of the variability of the 
results. 

The earlier experiments in which cystine was given to animals were concerned 
primarily with a study of the fate of ingested cystine. Wohlgemuth [1903-04] 
appears to have observed no toxic effect in rabbits after oral administration of 
5 g. suspended in water. Blum [1904] reports a number of experiments in which 
cystine was given to dogs in large amounts, and in most of his cases nephro- 
toxicity was not observed. Abderhalden and Samuely [1905] gave as much as 
8 g. of dileucyleystine subcutaneously without producing renal damage. Later, 
however, Abderhalden [1922] noted that kidney injury accompanied the deposi- 
tion of crystals of cystine in the renal tubules of the mouse after ingestion of 
free cystine. Similarly, Lignac [1926] demonstrated that cystine injected in the 
form of a suspension into mice reappeared in crystalline form in the convoluted 
tubules. Lewis [1925] introduced 0-5-1-0 g. cystine per kg. in alkaline solution 
by stomach tube into rabbits every second or third day. After a few doses, 
there were definite signs of renal injury. Newburgh and Marsh [1925, 1, 2] 
injected solutions of amino-acids into rabbits and dogs and found that cystine 
was one of those which were nephropathic. Curtis and Newburgh [1926; 1927] 
added cystine to the diet of the rat, observing that large doses caused severe 
nephritis and death in a few days; smaller amounts caused moderate injury in 
the course of a few months, whilst 1-5 9% produced necrosis of the tubules in 
one year. Cox, Smythe and Fishback [1929] reported acute toxic nephrosis in 
young rats under 60 g. in weight ingesting 0-3-0-9 % free cystine; some of the 
animals, however, recovered from their acute illness and proceeded to grow 
normally without any alteration in the ration. Cox and Hudson [1929-30] 
extended these observations and obtained evidence that cystine nephrosis might 
be prevented by increasing the allowance of vitamin B concentrate. The rats 
exhibited variable resistance to the nephrotoxicity of cystine, and the suscepti- 
bility was attributed to hereditary factors rather than to the influence of the 
stock diet. Addis, MacKay and MacKay [1926], on the other hand, had obtained 
no evidence of renal impairment from blood-urea determinations, urinary or 
histological examinations in rats which had lived one-third of their life-time on 
a diet containing 1 % cystine. The proportion of dried yeast included in their 
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diet was 10 %. Recently, Longwell, Hill and Lewis [1932] studied the effect 
of 0-3-0-6 % of cystine in the diet of young rats receiving either no yeast at 
all or a 2g. equivalent of yeast extract. They report ‘ ‘complete absence of 
evidence that a diet high in cystine produces pathological changes in the 
kidneys.” This was true even of some rats which were in poor condition at the 
beginning of the experiment. Renal hypertrophy due to absence of yeast was 
no greater in the presence of cystine. 

The insolubility of cystine is a factor which complicated those of the above- 
mentioned experiments in which cystine was injected parenterally. There are 
obvious objections to the method of injecting a suspension of cystine or a 
quantity of an alkaline solution of cystine. 

In the matter of the feeding experiments, the positive findings probably 
cover two states of affairs; there is the acute condition from which, as Cox 
and co-workers report, the animals recover without change in the ration and 
the more slowly produced lesions of the type repor ted by Newburgh. 

One question which naturally presents itself is w hether the effect of cystine 
is due to its acidogenic properties. The intention in the experiments -herein 
reported was to determine whether the effects of cystine could be overcome by 
regulating the proportion of acid to base in the diet. That the quantity of acid 
produced by the oxidation of cystine is appreciable can be seen by calculating 
that the addition of 0-1 g. of cystine means a virtual increase of 1-6 cc. of NV acid. 
The effect of this increased acidity would be more marked in the case of rabbits 
than in rats, for the former animals have little power of calling on ammonia to 
neutralise acids. Arising from the acidogenic qualities of cystine was the question 
of available base; it was necessary to find out whether the salt mixtures 
ordinarily employed in compounding synthetic diets were adequate in base 
content to cover this increased production of acid. The results reported in this 
contribution were obtained in conjunction with a study of the acid-base me- 
chanism in relation to excessive protein feeding, reported elsewhere [ Bell, 1933]. 


EXPERIMENTAL. 


It was decided to attempt to produce the condition of cystine nephrosis in 
very young rats, such as had been reported by Cox and co-workers, and see 
whether the addition of potential alkali to the diet prevented its incidence. 
The diet was compounded of: 


o 
o 


“Light white casein”... bes as 20 
Rice starch te abe as oes 68 
Dried brewer’s yeast ae es ss. 5 
Salt mixture (McCollum’s) ‘ae a 5 


Cod-liver oil 


As the quantity of cystine, which in the experience of Cox, Smythe and Fishback 
was sufficient to induce nephrosis, ranged from 0-3 to 0-9 % of the diet, we 
began by using 1-0 %, but as no derangement occurred, it was decided very 
early to raise it to 2-0) °%. Even when the rats were only 35 g. in weight when 
cystine feeding commenced, there was no evidence of cystine nephrosis. The 
rats were kept in metabolism cages, and the urine was examined daily. One 
group received enough of a mixture of potassium carbonate (7 parts) and sodium 
citrate (10 parts) to reduce the acidity of the urine almost to neutrality. The 
addition of potential alkali did not augment the growth rate—it was already 
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maximum (Fig. 1). Since no effect from the cystine feeding was obtained, the 
experiment was terminated at the end of 4 weeks. The fasting blood-urea was 
determined and was found to be normal in both groups; the average for the 
animals receiving cystine was 38 mg. per 100 cc.; that for the animals being 
given alkali as well as cystine was 43 mg. Sections of the kidneys failed to 
give any evidence whatever of inflammatory changes. 


Weight in g. 





==) 
20 days 


Fig. 1. Average growth curves of rats ingesting 1 and 2 % cystine. 


t=14% cystine in diet; 
a~ . : ° 
t =2% cystine in diet; 


+A=Cystine + alkalising salt. 


It is difficult to understand why cystine per se should be harmful to the 
kidneys, unless it is due to insolubility or to acid production. Still more difficult 
is it to understand why, in spite of its insoluble and acidogenic nature, the 
animals should recover without change in the ration. If cystine itself exerts 
a nephropathic action, we should expect to find a high incidence of nephritis 
in cystinuria, but in the following references in the literature to uncomplicated 
cases of cystinuria, no mention is made of findings that indicate that the 
excretory tissue is involved; cystinurics have usually been discovered either 
accidentally or because of symptoms of renal calculus [Garrod, 1923; Smillie, 
1915; Looney, Berglund and Graves, 1923; Lewis and Lough, 1929; Robson, 
1929; Brand, Harris and Biloon, 1930]. Certainly, the last-named authors 
have found that there is excreted, in this disorder of metabolism, a cystine 
complex which decomposes in the urine with liberation of free cystine; but 
even so, we should expect that if this liberation of the amino-acid begins early 
enough to form a stone in the pelvis of the kidney, the process has already begun 
soon after the formation of the glomerular filtrate. 

The variety of kidney affection induced in young rats by excessive cystine 
feeding seems to be some indirect effect, irregular in its occurrence, and tem- 
porary in its influence. Therecovery without alteration in the diet seems to suggest 
that the nephritis is part of an infection. It is possible that the presence of the 
cystine in the intestine brings about an alteration in the oxidation-reduction 
potential of the contents of the gut and so favours the growth of anaerobes. 
Quastel and Stephenson [1926] have demonstrated that the addition of cystine 
to culture media favours the growth of anaerobes by altering the oxidation- 
reduction potential. The condition of ‘‘ pulpy kidney” in lambs seems to have 
some features in common with cystine nephrosis, and “pulpy kidney” has 
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recently been ascribed by Bennett [1932] to infection by the B. ovitoxicus, an 
organism allied to the Welch bacillus. If cystine nephrosis is part of an infection 
in which the obvious and fatal effects are due to kidney involvement, the re- 
covery can be explained by the development of an immunity. 


SUMMARY. 


Feeding young rats with diets containing 1-0-2-0 % free cystine has failed 
to produce the condition of “‘cystine nephrosis.” It is suggested that the con- 
dition reported by other investigators to occur in young animals is probably due 
to an infection, to which an impetus is given by the altered oxidation-reduction 
potential in the intestines. 


Grateful appreciation is herewith expressed to the Royal Society of Medicine 
for the scholarship which has enabled me to make these observations, to the 
‘ 


Medical Research Council for defraying the cost of materials and to Prof. J. C. 
Drummond for helpful advice and criticism. 
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SCORBUTIC FACTOR. 
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It is proposed in this short communication to describe some experiments dealing 
with the antiscorbutic activity of a number of specimens of ascorbic acid 
(hexuronic acid [Szent-Gyérgyi, 1928]), its oxidation products and ascorbic acid 
regenerated from one of the oxidation derivatives. We are indebted to Messrs 
Burroughs, Wellcome and Co. for the gift of preparations 1, 2, 3, 5 and 7 made 
in the experimental laboratories of the Wellcome Chemical Works and to Prof. 
Szent-Gyorgyi for the gift of preparations 4 and 6. 

Preparation 1. This specimen of ascorbic acid was prepared from oranges: 
C, 41-4, 41-4; H, 5-0, 5-1 %. C,H,O, requires C, 40-9; H, 4-5 %. The m.P. varied 
with the rate of heating; when placed in a bath at 180° and slowly heated it 
melted at 182°. 1 mg. decolorised 1-06 cc. N/100 iodine (cale. 1-14). It was 
tested for antiscorbutic potency in doses of 0-25 mg., 0-5 mg. and 1 mg. prophy- 
lactically. The test lasted 50 days, after which time the animals were chloro- 
formed. The doses were weighed out daily and dissolved in air-free water 
immediately before administration. Table I gives the initial and final weights 


Table I. 
Weight (g.) 





Dose - A, 
mg. Initial Final Remarks 
0-25 270 315 -- 
282 275 — 
305 335 — 
0-5 285 435 . — 
270 300 Died after 33 days of intercurrent infection 
305 420 Died after 43 days of intercurrent infection 
1-0 270 415 — 
300 465 — 
280 410 Chloroformed after 35 days 


of the guinea-pigs on the respective doses. All the animals on the lowest dose 
showed very marked scorbutic signs at the autopsy. The guinea-pig which 
survived for 50 days on the 0-5 mg. dose showed slight signs of scurvy at the 
autopsy, whilst the other two animals on this dose which died before the 
termination of the test did not show any signs. Two of the animals on the 
highest dose were free from macroscopic signs of scurvy at the autopsy, the third 


1 Member of the Scientific Staff, Medical Research Council. 











1272 E. L. HIRST AND S. 8. ZILVA 


guinea-pig which was chloroformed on the 35th day showed marked haemor- 
rhages in both knee joints but no other signs of scurvy could be discerned. 
Preparation 2. This was a crude specimen of ascorbic acid prepared from the 
adrenal glands of the ox: C, 41-2, 41-1; H, 5-2, 5-1 %: m.p. 184°. 1 mg. re- 
quired 1-04 cc. N/100 iodine. It was tested in doses of 0-25 mg., 0-5 mg. and 
1 mg. prophylactically. The duration of the test was 61 days. A week’s re- 
quirement of the acid was dissolved in a suitable quantity of air-free water, 
divided into daily doses and kept at — 20°. The doses were melted just before 
administration. Table II gives the initial and final weights of the guinea-pigs. 


Table IT. 
Weight (g.) 





Dose ~ - 
mg. Initial Final temarks 
0-25 265 320 — 

280 290 Died after 36 days of intercurrent infection 

307 267 Died after 54 days of intercurrent infection a; 
0-5 265 440 nis 

270 425 

270 370 — 
1-0 420 — 

310 Suffered from intercurrent infection which was responsible 
for fall in weight during the last period of the test 
290 530 — 


All the animals on the 0-25 mg. dose showed definite signs of scurvy at the 
autopsy. Only one guinea-pig on the 0-5 mg. dose showed very slight signs of 
scurvy; the other two were apparently normal. No macroscopic signs of scurvy 
could be detected at the post mortem examination of the animals on the highest 
dose. 

Preparation 3. This specimen of ascorbic acid was preparation 2 recrystallised 
four times from methyl alcohol: C, 41-1; H, 4:8 %: m.p. 184° (after first re- 
crystallisation). 1 mg. required 1-06 cc., 1-07 cc. N/100 iodine. It was tested 
in doses of 0-25 mg., 0-5 mg. and 1 mg. prophylactically. The duration of the 
test and the technique of administration were the same as for preparation 2. 
The initial and final weights of the guinea-pigs are given in Table III. At the 


Table ITT. 


Weight (g.) 

Dose 
mg. Initial Final Remarks 
0-25 265 320 

280 310 

305 295 
0-5 295 4165 

270 325 

265 £30 
1-0 250 175 

290 340 Fall in weight due to pneumonia during last week 


autopsy all the animals on the 0-25 mg. dose showed signs of severe scurvy. 
Of those on the intermediate dose one showed no signs, whilst the other two 
guinea-pigs showed definite signs of scurvy. The animals on the 1 mg. dose 
were free from macroscopic signs of scurvy. 

Preparation 4. The specimen of ascorbic acid was prepared from adrenal 
glands and was crystallised from methyl alcohol, ether and light petroleum. 
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It was analytically pure; M.P. 187° [«];%, + 24° in water. 1 mg. required 1-10 cc. 
N/100 iodine. It was tested in doses of 0-25 mg. and 0-5 mg. prophylactically 
(duration of experiment 60 days). The technique of the administration of the 
doses was the same as for preparation 2. The initial and final weights of the 
guinea-pigs are given in Table IV. All the animals on the lower dose, although 








Table IV. 
Weight (g.) 
Dose ; 5; 
mg. Initial Final Remarks 
0-25 270 295 Pleurisy 
280 240 Died after 48 days from intercurrent infection 
300 365 = 
0-5 270 385 — 
280 440 — 
260 360 — 


two out of three suffered from intercurrent infection and one actually died of it, 
showed mild signs of scurvy at the autopsy. Only one guinea-pig out of the 
three on the 0-5 mg. dose showed a sign of mild scurvy, namely slight discolora- 
tion of knee joints, at the post mortem examination. 

Preparation 5. This was a crude specimen of ascorbic acid from oranges. 
It was washed as little as possible when separated from the syrup: C, 41-4; 
H, 5-3 %: M.P. 150-170°. 1 mg. required 0-932 cc. N/100 iodine. It was tested 
in doses “of 0-25 mg., 0-5 mg. and 1 mg. prophylactically. The duration of the 
test and the technique of administration were the same as for preparation 2. 
The initial and final weights of the guinea-pigs are given in Table V. The scor- 
butic signs found at the autopsy of the three animals on the lowest dose were 


Table V. 
Weight (g.) 

Dose ————_A—___,, 
mg. Initial Final Remarks 
0-25 260 250 Died after 49 days 

285 275 Died after 55 days 

280 227 Died after 53 days 
0-5 260 350 — 

280 310 — 

290 395 — 
1-0 270 450 — 

275 360 — 


severe enough to justify the assumption that they died of scurvy. All the 
guinea-pigs on the intermediate dose also showed marked scurvy after being 
killed by chloroform. Only one of the guinea-pigs on the 1 mg. dose showed 
scorbutic signs at the post mortem examination. There was no doubt that the 
condition of the experimental animals on the various doses of this preparation 
was decidedly worse than that of those on the corresponding doses of the 
previous preparations. The difference in activity appeared to be greater than 
would be expected by the fact that this specimen was only about 82 % pure 
as judged from its iodine titration. Spectrographic examination confirmed this 


figure. 
Preparation 6. This specimen of ascorbic acid prepared from paprika was 
crystallised from dioxan: M.P. 192°: [a], + 24° in water. It was analytically 


pure. 1 mg. required 1-14 cc. N/100 iodine. In view of the purity of this 
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specimen it was desirable to obtain the utmost accuracy of which the bio- 
logical method is capable in assaying its antiscorbutic activity. Ten guinea-pigs 
were therefore employed on each of the doses of 0-25 mg. and 0-5 mg. The dura- 
tion of the test was 57 days and in this case the doses were weighed out daily 
and dissolved in the requisite quantity of air-free water immediately before 
administration. Table VI gives the initial and final weights of the guinea-pigs. 


Table VI. 


Weight (g.) 
Dose — —_-"- 


= —s 

mg. Initial Final Remarks 

0-25 270 330 Chloroformed after 46 days 
260 280 adie 
275 270 _— 
275 380 — 
275 275 -- 
280 330 aan 
280 235 Died after 52 days of intercurrent infection 
280 270 — 
280 285 - 
290 390 — 

O-5 260 385 bikie 
270 330 —- 
275 435 — 
275 410 Pes 
275 410 = 
280 435 - 
280 405 ae 
280 390 — 
285 370 = 
285 480 a 


All the animals on the lower dose showed definite signs of scurvy at the autopsy; 
those on the higher dose were free from macroscopic signs of scurvy. 

Preparation 7. This was a crude specimen of ascorbic acid prepared from 
oranges. It had not been recrystallised but separated from the syrup which is 
obtained at the end of the process and washed with ether: m.p. 178-183°: 
1 mg. required 0-980 cc. N/100 iodine. Spectrographic examination revealed 
that it was about 85 % pure. As in the preceding experiment 10 guinea-pigs 
were employed on each of the doses of 0-29 mg. and 0-58 mg. which, calculated 
from the iodine absorption of the specimen, should have been equivalent to 
about 0-25 mg. and 0-50 mg. respectively of the pure acid. The duration of the 
test and the mode of administration of the doses were the same as in the case 
of preparation 6. Table VII gives the initial and final weights of the guinea-pigs. 
All the animals on the 0-29 mg. showed more severe scurvy at the autopsy than 
the animals on the corresponding dose of the preceding preparation. The con- 
dition of the guinea-pigs on the higher dose was also definitely worse than that 
of the animals on the 0-5 mg. dose of preparation 6 during life and at the 
autopsy. In seven out of ten of these animals marked signs of scurvy were 
found at the post mortem examination. 

Preparation 8. This was the first oxidation product of ascorbic acid. This 
substance ([«], + 56° in dilute HCl) when freshly prepared displays no selective 
absorption [Hirst, 1933]. It is quantitatively reduced to ascorbic acid by H,S 
and HI. The requisite quantity of ascorbic acid (preparation 6), was dissolved 
in air-free distilled water and N/100 iodine added until one drop turned the 
solution brown. It was then quickly administered to the experimental animals. 
The growth and other details of the guinea-pigs on this preparation, as those of 
the animals on preparation 2, are represented in Fig. 1. It is seen that the 
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preparation is only slightly less active than ascorbie acid which had not been 
> 


previously oxidised. The graphs of growth of the animals on preparation 2 
Table VII. 
Weight (g.) 
Dose —<__, 


mg. Initial Final Remarks 
0-29 255 365 — 
255 215 Died after 54 days of scurvy 
260 290 — 
260 310 — 
260 250 Died after 46 days. Severe scurvy. No complications 
265 380 -— 
270 365 —_ 
270 310 — 
275 310 Died after 42 days. Severe scurvy. Intestinal infection 
285 305 Died after 54 days of scurvy complicated by pneumonia 
0-58 255 480 = 
255 430 —_ 
260 345 Died after 46 days of pneumonia. No scurvy 
260 395 _ 
260 410 — 
265 430 — 
270 485 — 
270 275 Died after 58 days of scurvy complicated by pneumonia 
270 390 — 
280 425 os 


Preparation 2. Preparation 8. 
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300 7019C,1 noS. 


200 
Fig. 1. 
C.=chloroformed N.=normal 
+ =died no §.=no scurvy 
S.=scurvy I =intercurrent infection 


8.8. =slight scurvy 
V.S.S.=very slight scurvy 
| =onset of clinical symptoms of scurvy 


= beginning of dosing 


were used for comparison because the animals on the 0-25 mg. and 0-5 mg. doses 
of this specimen behaved in the same way as the corresponding animals on 
preparation 6; in addition a 1 mg. dose was also used in this test. Demole [1933] 
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found that an oxidation product from ascorbic acid (Dehydroascorbinsdure) 
was somewhat less active than ascorbic acid. He does not however give any 
experimental details, and it is difficult to judge whether he was dealing with 
the above oxidation product. 

Preparation 9. When chlorine-water is added to a concentrated solution of 
ascorbic acid until the calculated amount of chlorine (2 atomic proportions) 
has been taken up the specific rotation becomes [«]?, + 56° (calculated as 
ascorbic acid). If this solution is kept at room temperature the rotation gradually 
diminishes to the value [a], — 6°, equilibrium being reached in about 60 hours. 
Spectrographic examination shows the complete absence of the ascorbic acid 
band from the spectrum of the equilibrium oxidation product. It does not 
react with iodine in acid solution nor does it decolorise indophenol. It reduces 
ammoniacal silver nitrate and alkaline sodium hypoiodite [Cox et al., 1932; 
Herbert and Hirst, 1932; Hirst, 1933; Hirst e¢ al., 1933]. On reduction with HI 
it gives an approximately 80 % yield of ascorbic acid. With H,S however the 
yield is only about 10 %. The solutions of the equilibrium product used for the 
biological tests contained about 0-3 g. of the oxidation product per 100 cc. and 
sufficient HCl (0-5 mol. per mol. ascorbic acid) to render the compound stable. 

Repeated chemical tests showed that such solutions were perfectly stable over 
periods of several months. It was tested in doses equivalent to 0-25 mg., 0-5 mg. 
and 1 mg. with four animals on each dose. The guinea-pigs on the first two doses 
behaved as if they were on a basal diet alone and died of typical scurvy in about a 
month. Three animals on the highest dose died from scurvy after 42 days and 
one after 29 days. There was in the specimen, therefore, but little antiscorbutic 
activity as compared with the ascorbic acid from which it was prepared. 

Preparation 10. This consisted of ascorbic acid obtained by reduction of the 
first oxidation product. Ascorbic acid in dilute aqueous solution was oxidised 
by iodine (2 atomic proportions, dissolved in the minimum quantity of alcohol). 
The solution now contained the first oxidation product, [«]?, + 56°, together 
with 2 mols. of HI liberated during the reaction. The solution was slowly 
evaporated to dryness at room temperature in a vacuum desiccator. Regenera- 
tion of crystalline ascorbic acid then took place, with separation of iodine, which 
was removed by volatilisation at room temperature. A small amount of brown 
amorphous material was formed as a by-product. The yield (75-90 %) of 
ascorbic acid depended on the time which elapsed between oxidation and re- 
generation, freshly oxidised material giving the highest and the “equilibrium” 
material the lowest. The regenerated ascorbic acid was identical chemically 
with an authentic sample. 

Three specimens prepared at different times and under different conditions 
were utilised. One, which was administered during the first 24 days, was re- 
crystallised ascorbic acid regenerated from a sample of oxidised material kept 
for 3 days before reduction. The second sample, used from the 25th to the 40th 
day, had not been recrystallised and the solution from which it was obtained 
had been kept for 12 hours before being evaporated. The third sample used 
from the 40th to the 52nd day was prepared in the same way as the second. 

It will be seen from Fig. 2 that the response of the guinea-pigs to this 
preparation was similar to that obtained with other specimens of ascorbic acid. 
It must however be pointed out that the animals on the 1 mg. dose, unlike those 
animals on the corresponding dose of the other preparations of ascorbic acid, 
showed unmistakable symptoms of scurvy after 24-29 days. These symptoms 
persisted until death although macroscopic signs of the disease were not found 
at the post mortem examination. 
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Symbols have same significance as in Fig. 1. 


CONCLUSIONS. 


A great disparity in the antiscorbutic activity of specimens of ascorbic acid 
originating from different natural sources and possessing different degrees of 
purity might throw serious doubts on the identity of ascorbic acid with vitamin C. 
On the other hand, in view of the limitations of the biological method and the 
persistent association of some physiological principles with chemically known 
substances the voustant antiscorbutic activity of ascorbic would not constitute 
in itself sufficient proof of its identity with vitamin C. The activity of prepara- 
tion 10, however, offers much more decisive evidence in this respect. This sub- 
stance, which showed a potency of the same order as the other samples of ascorbic 
acid, was obtained by regeneration from an oxidised preparation. A similar 
oxidised preparation (preparation 9) was found scarcely active in doses as high 
as 1 mg. per diem. We have so far been precluded from comparing the anti- 
scorbutic potency of an equilibrated oxidation product and the ascorbic acid 
regenerated from the same specimen. This we hope to accomplish in connection 
with the chemical and biological study of this interesting product which is now 
in progress. We are, however, strongly of the opinion that all equilibrated 
oxidation products are, weight for weight, much less active than the ascorbic 
acid regenerated from them. Three specimens regenerated at different times were 
used in this prophylactic test at intervals. A marked deviation in activity of 
any of these specimens would have manifested itself in the condition of the 
animals, especially of those on the lower doses. It therefore appears that ascorbic 
acid is active per se. The alternative explanation that vitamin C is associated 
with ascorbic acid and like it is reversibly oxidised and regenerated quantita- 
tively is much less plausible. 

Of further interest is the observation that ascorbic acid, when tested imme- 
diately after oxidation with iodine, shows little loss in antiscorbutic activity. 
This observation is similar to the one made by Zilva [1927] on decitrated lemon 
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juice oxidised with phenolindophenol. The explanation offered at the time by 
him was that an accompanying reducing substance which exercised a protective 
function towards the vitamin in the juice was directly oxidised and not the 
vitamin itself. Tillmans, Hirsch and Siebert [1932], confirming this observation, 
offered another explanation, namely, that the vitamin whilst still retaining most 
of its activity was reversibly oxidised. They were able to show that decitrated 
lemon juice oxidised with 2 : 6-dichlorophenolindophenol or iodine could regain 
its reducing capacity on reduction with hydrogen sulphide [Tillmans, Hirsch 
and Dick, 1932]. This has recently been confirmed by Johnson [1933]. The 
above observation on the retention of the antiscorbutic potency of the re- 
versible oxidation product of ascorbic acid suggests therefore that Tillmans’s 
hypothesis is the correct one. It is interesting to note in this connection that 
there is a parallelism between the antiscorbutic activity of the oxidised ascorbic 
acid and its capacity of being regenerated by hydrogen sulphide. 

Attention has been drawn to the fact that some specimens of ascorbic acid 
(preparations 5, 7 and 10) showed somewhat lower activity than the others. 
This difference in potency, if real and not due to traces of interfering substances 
—all these specimens were crude—cannot at present be explained. 


We are indebted to Dr R. W. Herbert for assisting us in some of the experi- 
ments. 
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SzENT-GyOryGI [1928] has demonstrated that when a section of the adrenal 
of the ox is immersed in 0-4 % AgNO, solution, its cortex darkens owing to 
the deposition of metallic silver. The reduction, he concluded, was due to the 
presence of ascorbic acid (hexuronic acid). In view of the recent observations 
on the high and persistent antiscorbutic activity of ascorbic acid it became 
obvious that the above observation could be utilised in studying the function 
of ascorbic acid in the development of scurvy. The experiments to be described 
here were originally undertaken by Zilva with the hope of obtaining information 
concerning the problem of the identity of ascorbic acid with vitamin C. In this 
respect suggestive but not conclusive evidence has so far been obtained from 
this investigation, but some facts have emerged which we consider of sufficient 
interest to be put on record. 

In preliminary experiments guinea-pigs on a scorbutic diet receiving various 
doses of decitrated lemon juice and others subsisting on a diet containing cabbage 
ad lib. were examined. It transpired that although the cortex of the adrenals 
from the animals receiving cabbage ad lib. darkened markedly on immersion 
in the AgNO,, this was not so in the case of the adrenal glands from animals 
which were receiving daily doses of as much as 10 cc. of decitrated lemon juice, 
although the guinea-pigs were found at the post mortem examination to be in 
excellent condition and free from scurvy. Even the microscopical examination 
of sections of the glands treated with AgNO, did not reveal any deposition of Ag 
in the adrenal cortex of the guinea-pigs protected with high doses of decitrated 
lemon juice. Yet histological sections of the adrenals from these animals did 
not show any abnormality. 

The search when extended to other organs from various species of animals, 
irrespective of their susceptibility to scurvy, revealed that certain other organs 
showed the AgNO, staining reaction macroscopically, especially the anterior 
and intermediate lobes of the pituitary gland, which in some species reduced 
the reagent even more markedly than the cortex of the adrenal. The disparity 
in the intensity of staining in these two glands was particularly marked in the 
human subject, where with very few exceptions the anterior lobe of the pituitary 
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was found to stain more intensely than the adrenal cortex. In the case of the 
ox the anterior lobe of the pituitary was moreover found to be antiscorbutically 
very active. As had been found in the guinea-pig, in many of the human cases 
examined the adrenal cortex did not stain, although the patients were free at 
least from clinical symptoms of scurvy. 











EXPERIMENTAL. 





Technique. 


The scorbutic diet employed in these experiments was similar to that already 
described [Bracewell, Hoyle and Zilva, 1930] and was complete in all essentials 
apart from vitamin C. Freshly prepared decitrated lemon juice was adminis- 
tered daily, except during the week-end, allowance being made for this shortage 
during the remaining days of the week. The guinea-pigs on the mixed diet 
received oats, bran and cabbage ad lib. 

The silver staining was carried out in the dark since the gland reticulum 
stains in the light independently of the presence of ascorbic acid. The slices 
were placed in 0-4 % AgNO, solution for 15 minutes, after which time they 
were fixed in a 5 % solution of sodium thiosulphate for 10 minutes. They were 
then washed in several changes of distilled water and stored in 50 % alcohol. 
The assessment of the intensity of the staining was carried out with the help 
of a hand lens. For the microscopical examination the material after treatment 
with absolute alcohol for 3 hours was cleared and embedded in paraffin, and 
serial sections were made without further staining. 

For general histology, sections fixed in formalin and embedded in paraffin 
were stained with haemalum and eosin. Fat was examined in frozen sections 
stained with Sudan III and haemalum. The chrome reaction was carried out 
by Ogata’s method [1917], and Gough and Fulton’s mitochondrial method 
[1929] was used in the cytological examination. 





































The silver nitrate staining reaction of the organs of various species of animals. 


Man. Sometimes there was some staining in the cortex of the adrenals but 
it was in most cases comparatively slight. In several cases there was distinct 
staining of the medulla even when the cortex showed none at all. The anterior 
lobe of the pituitary stained more markedly than the adrenal. Staining some- 
times occurred in the ovary, and in one or two cases it was confined to the 
linings of the larger follicles. The corpus luteum of pregnancy in two cases 
showed uniform but slight staining. 

Ox. The cortex of the adrenals stained markedly. In fresh glands there was 
very little staining of the medulla but in glands from animals killed about 
3 to 6 hours previously the medulla also stained appreciably. The anterior lobe, 
pars intermedia and cone of Wulzen of the pituitary stained very darkly. In 
cases in which the adrenals and pituitary from the same animal were compared, 
the latter almost invariably stained the more intensely. In the ovary (two 
heifers) there was slight staining of the corpora lutea, but not in the rest of the 
gland. In the testicle (one animal) there was slight staining. 

Dog (5 animals). In the adrenal the cortex and the medulla stained deeply. 
The anterior lobe and the pars intermedia of the pituitary stained very intensely. 
The corpora lutea of the ovaries also stained quite darkly. 

Cat (2 animals). Staining of the adrenal cortex and of the anterior lobe of 
the pituitary was well marked. In one animal the staining of the two organs 
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was of about equal intensity, and in the other the pituitary was slightly darker 
than the adrenal. The adrenal medulla showed only slight staining in each case. 

Guinea-pig. The adrenal stained quite darkly in most instances. The anterior 
lobe of the pituitary also showed definite staining which in some instances was 
equal to that of the adrenal but in others was somewhat less. The ovaries 
showed a slight diffuse staining. The staining reaction in this animal will be 
dealt with more fully in the next section. 

Rat. The cortex of the adrenal stained very intensely. In only one out of 
fiye animals there was slight staining found in the medulla. Staining of the 
adrenals was also found in rats which had subsisted for about 8 weeks on a diet 
free from vitamin C [cf. Moore and Ray, 1932]. The pituitary also showed 
distinct staining but it was never quite as dark as that of the adrenal. The ovary 
showed slight diffuse staining. 

It is to be pointed out that, contrary to expectations, in no single case did 
the livers from the above species of animals stain with silver nitrate. 


The silver nitrate staining properties of the adrenal glands of guinea-pigs 
protected from scurvy with decitrated lemon juice. 

A few representative cases will be described in this connection. In the 
earlier experiments (B 24, B 44 and B 23) the adrenal glands were not examined 
microscopically for silver staining but only by means of a lens. They are included 
here because some of these guinea-pigs were on their respective diets for a 
number of months. Moreover the assessment by the macroscopical method 
was found to be as reliable as the microscopical examination of sections. 
Although the medulla of the adrenal also stained in the animals receiving 
cabbage ad lib. the staining never approached that of the cortex in intensity. 

B 24. This animal subsisted on a scorbutic diet and a daily dose of 1-5 ce. 
of decitrated lemon juice from December 8th, 1931, to December 31st, 1932, 
when it was killed by chloroform: initial weight 290 g.; final weight 515g. At 
the autopsy, apart from slight ridging at one of the costochondral junctions, 
no macroscopic signs of scurvy were to be observed. The adrenal glands did 
not stain with AgNO,. The histological examination of sections stained with 
haemalum and eosin revealed that there was deep congestion but no other 
abnormality. These glands were however somewhat enlarged. 

B 44, This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from March 3rd, 1932, to September 21st, 1932, when 
it was killed by chloroform: initial weight 260 g.; final weight 660 g. No macro- 
scopic signs of scurvy were observed at the autopsy. The adrenals did not stain 
with AgNO,. The histological examination revealed nothing abnormal. 

B 23. This animal, which subsisted on a mixed diet containing cabbage 
ad lib., weighed 650 g. when chloroformed, about the same weight as B 44. Its 
adrenal cortex however stained very darkly with AgNO,. The histological 
appearance of the glands was quite normal. 

B 33. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from April 15th, 1932, to March Ist, 1933, when it was 
chloroformed: initial weight 265 g.; final weight 600 g. There were no macro- 
scopic signs of scurvy at the autopsy. The staining of the adrenals with AgNO, 
was so slight that it could not be perceived with the naked eye although a trace 
could be discerned with a lens. Histological and cytological appearances and 
the chrome reaction were normal. The pituitary did not stain with AgNO,. 

B 34. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from June 6th, 1932, to March Ist, 1933, when it was 
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chloroformed: initial weight 
scopic signs of scurvy at the autopsy. The adrenals did not stain with AgNO,. 
Histological and cytological appearances and the chrome reaction were normal. 
AgNO, staining of the pituitary could only be observed with the help of a lens. 

B 58. This animal subsisted on a scorbutic diet and a daily dose of 10 ce. 
of decitrated lemon juice from January 3rd, 1933, to March Ist, 1933: initial 
weight 300 g.: final weight 340 g. There was a check in the growth of the animal 
during the first month, which was apparently due to an intercurrent disease from 
which the guinea-pig recovered. There were no macroscopic signs of scurvy at 
the autopsy. The adrenals did not stain with AgNO,. Histological and cyto- 
logical appearances and the chrome reaction were normal. The AgNO, staining 
of the pituitary could only be observed with the help of a lens. 

B59. The dietetic history of this animal is the same as that of B 58: initial 
weight 285 g.; final weight 470 g. There were no macroscopic signs of scurvy 
at the autopsy. As in B 34 the AgNO, staining was so slight that a trace could 
be discerned only with the aid of a lens. Histological and cytological appearances 
and the chrome reaction were normal. The AgNO, staining of the pituitary 
could only be observed with the help of a lens. 

B17. This animal, which subsisted on a mixed diet with cabbage ad lib. 
and weighed 720 g. when chloroformed, was used as a control for B 33, B 34, 
B58 and B59. The cortex of the adrenal gland and the anterior lobe of the 
pituitary from this animal, in contradistinction to the aforementioned animals, 
stained very darkly. The histological and cytological appearances and the chrome 
reaction were normal as in the case of the guinea-pigs which received decitrated 
lemon juice. 

The adrenals from guinea-pigs in advanced stages of scurvy did not stain 
with silver nitrate [cf. Moore and Ray, 1932; Miller, Siehrs and Brazda, 1933; 
Siehrs and Miller, 1933] but, unlike the above specimens, they deviated from the 
normal macroscopically and especially histologically, showing gross haemor- 
rhages and foci of necrosis. 

The absolute diameter of the fat zone of the adrenals showed no appreciable 
differences in the above animals (Table I). In B17, B 33 and B 34 there was 


Table I. 


No. of Diam. cortex Diam. fat zone Fat content of cortex 
specimen mm, mm, % 
B17 1-9 0-86 45 
3 33 1-2 0-83 70 
B 34 1-4 0-82 59 
B58 0-96 0-7 73 
B59 0-99 0-7 71 


no abnormality in the appearance of the sections stained with Sudan III. In 
B 58 and B 59 the number of large fat droplets was greater than in the control 
glands of comparable size. The cells, however, were not distended, and the total 
amount of fat was only slightly greater than in the normal. 


The antiscorbutic activity of the anterior lobe of the pituitary of the ox. 


The very marked silver nitrate staining capacity of the anterior lobe of the 
pituitary suggested the necessity of assessing the antiscorbutic potency of this 
gland. The fresh pituitary from the ox which was always found to stain very 
darkly was therefore tested. Fig. 1 gives the growth curves and clinical signs 
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g 
g. 


in 


Wt. 








STAINING REACTION OF TISSUES FOR ASCORBIC ACID 1283 


of guinea-pigs which received daily 0-25 g. of the anterior lobe of the gland, 
and for comparison those of guinea-pigs which received daily doses of 0-25 g. 
and 0-5 g. respectively of adrenal cortex from the ox [Zilva, 1932]. It will be 
seen that the condition of the animals on the 0-25 g. dose of the pituitary was 
as good as that of the guinea-pigs on the 0-5 g. dose of the adrenal cortex. 
The post mortem findings in these two groups were also similar. The pituitary 
was therefore found to be twice as active as the adrenal cortex. As the glands 
originated from different animals of unknown dietetic history it is impossible 
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to say whether this relative antiscorbutic activity holds true always in the case 
of the ox. It is, however, definitely established that the anterior lobe of the 
pituitary, which when compared with decitrated lemon juice contains 40 to 50 
international units of vitamin C per g. of fresh tissue, can be as potent or rather 
more potent than either of the two most active natural sources on record, namely, 
the Alphonso variety of mango [Perry and Zilva, 1932] and paprika [Svirbely 
and Szent-Gyérgyi, 1933]. It may be mentioned here that Agnoli [1932] did 
not find any antiscorbutic activity in desiccated pituitary glands. 


The relative silver nitrate staining capacity of the 
adrenal and pituitary glands in man. 

Reference was made in an earlier section to the fact that the anterior lobe 

of the pituitary in man stains more intensely than the adrenal cortex. This 
observation is brought out in detail in Table II. The dietetic history of the 
patients is rather vague since it was difficult to gauge the patients’ daily food 
intake from the details that could be obtained, especially as regards vitamin C 
during the few months preceding death. Nevertheless it is striking that out of 
42 patients, none of whom manifested clinical symptoms of scurvy, 23 showed 
hardly any silver nitrate staining (— or +) in the adrenals and the highest score 
recorded for this gland was only ++ . The anterior lobe of the pituitary on the 
other hand with very few exceptions always stained more intensely. In some 
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M 
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Disease 
Pernicious anaemia 
Cerebral abscess 


Chronic meningitis 
Hydrocephalus 


Enlarged prostate 
Pulmonary embolism 


Bronchitis 
Strangulation of intestine 


Papilloma of bladder. 
Bronchopneumonia 


Carcinoma of pancreas 
Obstructive jaundice 


Gastric ulcer. 
Pulmonary embolism 


Carcinoma of oesophagus 
Cerebral softening 


Tuberculous peritonitis and 
meningitis 


Stenosis of oesophagus 
Mastoiditis. Meningitis 


Carcinoma of lung. 
Metastasis in brain 


Ethmoiditis. 
Septic meningitis 


Carcinoma of stomach 


e 


Laceration of 
cerebelli 


tentorium 


Pneumonia. Strangulation 


of intestine 


Still born 


ningitis 


Tuberculous m 
Abortion. Infection of uterus 
Gummatous meningitis 


Congenital hydre cephalus 
Bronchopneumonia 


Myeloid leucaemia 


Prematurity 
Acute myeloid leucaemia 
Tuberculous pericarditis 


f adrenals. 


n brair 


Carcinoma 
Metastasis 

Cholecystitis 
Duodenal ulcer 


Gangrenous cystitis fol- 


lowing pregnancy 
Carcinoma of colon 


Malignant melanoma. 


Metastases in liver 


Cellulitis of 
meningitis. 


face. 
Pyaemia 


Sept ic 
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Table IT. 


Diet 
Fluids 
Mixed diet 
Mainly fluids 


Light mixed 


Mixed diet 


Light mixed 
diet 


Mainly fluids 
Fluids 


Flaids then 
light diet 


Fluids 
Mixed diet 
Fluids 


Fluids 
Fluids 


Light mixed 
diet 


Mixed diet 


then fluids 


Light mixed 
diet. Fluids 
for 1 week 


Fluids 


Fluids 


Mixed diet 
Mixed diet 


Light mixed 
diet 


Mixed diet 


Light mixed 
diet 


Mixed diet 
then fluids 


Staining 


Nutrition Pituitary Adrenal 
Fairly good 4 
Good 


Good 
Very good +4 + 


Good 
Fair +++ - 


Good 5 1 of 


Very poor t - 
Very poor + ae 


Poor 4. am 


Poor + _ 
Good ++ wn 


Very poor _ - 


Very poor a + 
Fair 7% ae 
Good but had t sg 


lost much 
weight 


Poor on an 


Fairly good 4 - 


Fairly good t + 


Fair Trace 


Full term. 

Weight 83 lbs. 

Good 

Good 

Obese b++4 + 


Fair 
Fairly good ++ _ 


Weight 5 lbs. 
Good 
Good 


Involved in 
tumour 


Fairly good 
Very good 2 4 


Fairly good J ed 


Very good _ 


Very poor + = 


Good | + 







Time of 


autopsy 
after 
death 
hours 


14 
14} 


24 


~1 
to 
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=«t 
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utopsy 

after 

death N 
hours 5 


“1 
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19 


18 


10 





STAINING REACTION OF TISSUES FOR ASCORBIC ACID 
Table IT (contd.). 


Staining 
Age Sex Disease Diet Nutrition Pituitary Adrenal 
5 months F Convulsions. Rickets Condensed Good Trace 
milk 
fyears M Pneumonia. Empyema Fair 
Ss M Abscess of lung. Empyema - Very poor 
ee M_ Sarcoma of jaw. Fluids Poor + Trace 
Bronchopneumonia 
mm 4 F Obstructed labour. Mixed diet Obese 
Uterine infection at periphery 
at centre 
aa M Abscess of liver. Mixed diet Fair 
Peritonitis then fluids 
25 F Puerperal septicaemia Mixed diet Very good 


then fluids 
— No staining. 
Slight staining barely perceptible to naked eye but recognised with lens. 
Staining recognisable distinctly to naked eye giving greyish appearance 
Definite staining. 
Marked staining. 
Extremely dark staining. 


cases the disparity was extremely marked (42, 61, 65, 66, 79 and 80). It can 


hardly be explained by the fact that the adrenal is more perishable than the 


pituitary, since it occurs in some cases when the autopsy was carried out 6 and 
10 hours after death (Nos. 61 and 65). Moreover, appreciable staining of the 
adrenal cortex was obtained in certain other cases when the period was longer 
(Nos. 59, 60, 69). It is also of interest to note that the reducing substance was 
present in the pituitary of a full term infant which failed to breathe (No. 57) 
and also in a premature (35 weeks) infant which lived 6 hours (No. 64). 


CONCLUSIONS. 


On the assumption that the substance reducing silver nitrate is ascorbic 
acid it would appear from the preceding experiments that it occurs in at least 
three tissues, namely, adrenal, pituitary and ovary of all animals whether they 
are susceptible to scurvy or not. It also transpires that the human subject and 
the guinea-pig may be free from any scorbutic symptoms and yet not show the 
presence of ascorbic acid in any of these organs by the method employed. In 
the case of the guinea-pig it has been demonstrated that even when the animals 
received a dose of decitrated lemon juice very much above the minimum pro- 
tective dose for three months or longer no accumulation of ascorbic acid could 
be discovered by this method in the adrenal cortex or pituitary. If the absence 
of staining be an index of the total absence of ascorbic acid the experiments 
would suggest that its presence in these glands cannot be essential. The concen- 
tration of the reducing substance and of vitamin C in the adrenals and in the 
anterior lobe of the pituitary is rather striking since these two glands are 
physiologically related. Our present knowledge of this relationship is, however, 
too vague to justify us in attaching much significance at this stage of the 
inquiry to this apparently outstanding selective capacity for ascorbic acid. It 
is further shown that there is a rough parallelism between the intensity of 
staining and antiscorbutic activity in the anterior lobe of the pituitary gland 
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as well as in the adrenal cortex. On the other hand the liver, which contains 
vitamin C, although in smaller quantities than the above glands, does not 
stain with silver nitrate. 

SUMMARY. 


1. The adrenal cortex, anterior and intermediate lobes of the pituitary and 
the ovary from various animals, whether susceptible to scurvy or not, stain 
with silver nitrate in the dark. The liver, on the other hand, does not stain 
with this reagent. 

2. The adrenals from guinea-pigs subsisting on a scorbutie diet plus high 
doses of decitrated lemon juice do not stain with silver nitrate although the 
animals are fully protected from scurvy and show no abnormalities macro- 
scopically and microscopically at the autopsy. 

3. The anterior lobe of the pituitary from the ox was found to be extremely ; 
potent antiscorbutically (40-50 international units of vitamin C per g. of fresh 
tissue). 

4. The examination of the adrenals and pituitary glands from 42 human 
cases free from clinical scurvy revealed that, although in the majority of these 
cases the adrenals did not stain with silver nitrate, the anterior lobe of the 
pituitary did so in most cases; the intensity of staining being almost always more 


marked in the latter gland. ; 
We should like to take this opportunity of expressing our indebtedness to 
Messrs Burroughs, Wellcome and Co. for the gift of the pituitary gland and to 
Miss O. E. V. Perry for helping with the tests. 
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Fig. 1. B23, B44. Stained 15 mins. in 0-4 °4 AgNO. 
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2. Pituitary of dog. Stained 15 mins. in 0-4°, AgNO;. Showing intense 


staining of anterior lobe. 
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TILLMANS et al. [1932] concluded, as a result of their work upon the relation 
between the indophenol-reducing capacity and antiscorbutic potency of fruit 
and vegetable juices, that these properties could be attributed to the same 
substance, which was most probably identical with Szent-Gyérgyi’s hexuronic 
acid. These workers claimed that the capacity of lemon juice for reducing 
indophenol, after being destroyed by oxidation with this reagent, iodine or 
hydrogen peroxide, could be quantitatively regenerated by reduction with 
hy drogen sulphide, providing that the reduction was carried out soon after the 
oxidation and the oxidised juice was not exposed to air too long; that is to say, 
the oxidation of the reducing substance proceeded first to a stage from which 
it could be regenerated. Szent-Gyérgyi had previously claimed [1928] that 
hexuronic acid (ascorbic acid) was capable of being reversibly oxidised and 
reduced. It is the purpose of this note to record a few experiments which confirm 
these observations on the regeneration of the reducing capacity of lemon juice 
after oxidation with certain reagents. 

In repeating the work of Tillmans e¢ al., various difficulties were encountered 
before their results could be substantiated. In the first place it was found 
necessary to use juices in which no traces of iron were present as this vitiated 
the results. The major difficulty, however, was in completely removing the 
hydrogen sulphide, which, of course, reduces both indophenol and iodine. The 
above workers claimed that they were able to remove the hydrogen sulphide in 
about 40 minutes by bubbling nitrogen through the juice. They tested their 
juices for its absence by dipping le ad acetate papers into the solution. It was 
found in the experiments described below, however, that after passing nitrogen 
for about an hour, although the presence of hydroge n sulphide could not be 
detected by dipping lead acetate papers or by allowing the escaping gas to 
impinge upon wet lead acetate paper, the use of dry reaction paper rev ealed the 
presence of a considerable quantity of hydrogen sulphide in the solution. Further- 
more, after bubbling nitrogen for 2 hours, the issuing gas also decolorised a 
solution of indophenol when bubbled through it. Using a dry paper, hydrogen 
sulphide could be detected even after passing nitrogen for 5-6 hours. Decitrated 
lemon juice gives a heavy precipitate with lead acetate; it is thus probable that 
the test for the presence of hydrogen sulphide would be vitiated by this pre- 
cipitation when the paper was dipped in the liquid. Complete removal of 
hydrogen sulphide however was not necessary, for it was found that after passing 
nitrogen for about 3 hours, except in the case of oxidations with hydrogen 
peroxide, the persistent residuum of hydrogen sulphide was insufficient to affect 
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appreciably the titrations. The juices were considered to be free from hydrogen 
sulphide when the issuing gas failed to decolorise a solution containing 1 cc. 
N/1000 indophenol when bubbled through it for half an hour. 

The ratio between the capacity of lemon juice for reducing iodine in acid 
solution and indophenol in neutral solution was almost invariably constant, and 
the amounts of these reagents reduced were roughly equivalent. Good agreement 
between indophenol and iodine titrations of the oxidised and untreated juices, 
and the absence of hydrogen sulphide by the above test, were therefore regarded 
as criteria that regeneration had been effected. 

Experiments in which indophenols were used as oxidising agents gave rather 
low results after regeneration, but this was probably due to the relatively high 
concentration of the reduced form of the indophenol which very rapidly absorbs 
oxygen and may have catalysed the oxidation of part of the reducing substance 
before it could be titrated [see Zilva, 1927]. In these experiments also no iodine 
titrations could be undertaken as the indicator interfered. 

The experiments with iodine as oxidising agent gave the most satisfactory 
results both with decitrated lemon juice and the raw juice. 

Since hydrogen peroxide functions most satisfactorily in an acid medium, 
oxidations with this reagent were performed on the raw juice. 

Some typical experiments and results are given below. 


EXPERIMENTAL. 


Decitrated lemon juice was prepared in the usual way. As oxidising agents 
were used 2:6-dibromophenolindophenol, iodine and hydrogen peroxide. The 
juices immediately after oxidation were placed in gas-washing-bottles, which, 
after hydrogen sulphide had been passed through for a suitable length of time, 
were sealed up for 24 hours. The hydrogen sulphide was subsequently removed 
by blowing oxygen-free nitrogen through the bottles. 

Titrations with indophenol were made with a V’/1000 solution of this reagent, 
which was standardised against titanous chloride. The titrations were carried 
out in neutral solution. 

Titrations with iodine were carried out as follows. 5 cc. of the juice were 
mixed with 1 ce. glacial acetic acid and then 10 cc. N/100 iodine run in. After 
standing 5 minutes the excess iodine was determined with N/100 sodium thio- 
sulphate. In the case of raw juice, no acetic acid was added. 


Oxidations with iodine in acid solution. 


(1) Raw juice. 5cc. of this juice reduced 41 cc. N/1000 indophenol and 
5-1 ec. N/100 iodine. 

100 ce. of the juice were mixed with 10-2 cc. N/i0 iodine and left to stand for 
30 minutes. Through the mixture, which possessed no capacity for reducing 
indophenol, hydrogen sulphide was bubbled for 10 minutes. The bottle was 
then sealed up for 24 hours, after which a vigorous stream of oxygen-free 
nitrogen was blown through the juice for 3 hours. At the end of the experiment, 
the equivalent of 5 cc. of the original juice reduced 38 cc. N/1000 indophenol 
and 4-9 ec. of V/100 iodine. 

(2) Decitrated lemon juice. The juice used was such that 5 ce. reduced 27 cc. 
N/1000 indophenol and 3-4 ce. N/100 iodine. 

100 cc. of the juice were acidified with 10 cc. of glacial acetic acid; 6-8 cc. 
N/10 iodine and 3-2 ce. of water were then added. The remainder of the procedure 
was essentially the same as the above. 
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5 ec. equivalent of the original juice at the end of the experiment reduced 
28 ec. N/1000 indophenol and 3-8 cc. N/100 iodine. 

In both these experiments, good agreement was observed between the 
reducing capacities of the original and regenerated juices. 


Oxidations with 2 :6-dibromophenolindophenol. 

Raw juice. 5 ec. of juice originally reduced 24 cc. N/1000 indophenol. 

50 cc. of the raw juice were brought with N NaOH to p, 6-8. The requisite 
‘amount of 2:6-dibromophenolindophenol in 10 cc. of water was added and the 
mixture diluted to 125 cc. 100 cc. of this mixture were next treated as in the 
previous experiment, except that the liquid was centrifuged before removal of 
the hydrogen sulphide. Bubbling nitrogen for 3 hours reduced the hydrogen 
sulphide to the required minimum. An amount of juice equivalent to 5 cc. of 
the original reduced 15 cc. of N/1000 indophenol. 

Decitrated lemon juice. 5 ec. of juice reduced 24 ce. N/1000 indophenol. 

The requisite amount of 2:6-dibromophenolindophenol in 10 cc. of water 
was added to 50 ce. of juice and the mixture diluted to 75 ce. It was then treated 
as described above. The hydrogen sulphide was removed by bubbling nitrogen 
for 3 hours. An amount of the treated juice equivalent to 5 cc. of the original 
juice reduced 12 cc. of N/1000 indophenol. 

In both these experiments the low figures are probably to be attributed to 
the presence of the reduced form of the indophenol. 


Oxidations with hydrogen peroxide. 

Oxidations with this reagent are much slower than with either of those used 
in the previous experiments. Great difficulty was experienced in removing the 
hydrogen sulphide from the raw juices which were used. Even after passing 
nitrogen for 7 hours the indophenol and iodine titrations, as well as the qualitative 
tests, revealed the presence of hydrogen sulphide. The following experiment, 
however, shows that a quantitative regeneration of the reducing capacity of the 
juice can be obtained after oxidation with hydrogen peroxide. 

5 cc. of the juice used reduced 24 ec. of N/1000 indophenol and 3-4 cc. V/100 
iodine. 13-6 cc. of N/10 hydrogen peroxide were run into 200 cc. of the juice, 
and then 6-4 cc. of water were added. After standing for 3 hours 5 cc. equivalent 
of the original juice reduced 5-5 ce. of N/1000 indophenol. The juice was treated as 
in the previous experiments. Nitrogen was blown through the juice for 155 hours 
before the hydrogen sulphide was reduced to the required minimum. The equiva- 
lent of 5 cc. of the original juice then reduced 23 cc. of N/1000 indophenol and 
3-4 ec. of N/100 iodine. 

SUMMARY. 


Tillmans’s observation that lemon juice oxidised with indophenol, iodine or 
hydrogen peroxide can regain its reducing capacity when treated with hydrogen 
sulphide immediately after oxidation is confirmed. 


My thanks are due to Dr S. 8S. Zilva for help and criticism and to the Medical 
Research Council for a whole time grant. 
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; 
In a preliminary investigation [Perry and Zilva, 1932], the vitamins A, C and D j 
of three varieties of mango, namely Alphonso, Cawasji Patel and Shendrya, 
were assayed. It was found that the vitamin A content of the first variety was 
approximately that of a good butter and that the other two varieties were about : 
half as active. The antiscorbutic activity of the three fruits showed a much 
greater variation. Thus whilst the Alphonso was about twice as active as lemon ' 
juice, little vitamin C was found in Shendrya, and Cawasji Patel, although not 
as active as Alphonso, showed nevertheless a very good vitamin C content. The : 
presence of vitamin D on the other hand could not be established in any of the 
fruits in the doses tested. 
In this communication, experiments are described which show that the 
above observations on the relative vitamin potency of the varieties mentioned : 


were not accidental, but that they very probably hold true in general. 

Guha and Chakravorty [1933] claim that the mango varieties Bombai, 
Langra and Fozli are rich in vitamin A but vary in their vitamin C content. > 
Their experimental details are however not fully documented. 


EXPERIMENTAL. 


Treatment of experimental material. The mangoes on arrival in England were 
ripened in a warm, airy room if necessary. Owing to their perishable character 
and in order to preserve the vitamins, the fruits were then placed in a refrigerator 
at — 20° and kept at that temperature during the tests, vitamin C being stable 
under these conditions [Bracewell ef al., 1931]. As the daily weighing out of so 
many small doses would have been inaccurate and unnecessarily laborious, a 
week’s supply was weighed out for each animal and one sixth of the weekly 
ration administered every day except Sundays. The weekly doses were stored 
at — 20° and thawed immediately before being administered to the experimental 


5 


animals. 

Methods. Vitamin A was assayed on rats by a curative growth method based 
on Steenbock’s principle [Crawford ef al., 1932}. 

Vitamin C was tested prophylactically [Bracewell e al., 1930]. 

The method of Chick et al. [1926] was used in the determination of vitamin D. 

The three Poona varieties: Alphonso, Cawasji Patel and Shendrya, were 
despatched in two consignments, on June llth and June 17th, 1932. The 
analytical data are given in Table I. These two consignments were pooled for ) 
the biological tests. Two other samples of Alphonso, of Surat and Bombay 
origin, were despatched on June 25th and tested separately. The analytical data 
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VITAMINS OF THE MANGO 


Table I. Chemical composition of mangoes tested. 


Mangoes despatched from India, June 11th, 1932. 


Alphonso Shendrya 

(Poona) (Poona) 
Acidity in terms of H,SO,) °% of 0-28 0-16 
Total sugars as glucose j} pulp 14-21 16-19 


Mangoes despatched from India, June 17th, 1932. 


Alphonso Cawasji Patel Shendrya 

(Poona) (Poona) (Poona) 
Acidity in terms of H,SO,) % of 0-23 0-29 0-11 
Total sugars as glucose j} pulp 13-84 16-04 20-26 


Mangoes despatched from India, June 25th, 1932. 


Alphonso Alphonso 

(Surat) (Bombay) 
Acidity in terms of H,SO,) % of 0-33 0-37 
Total sugars as glucose j pulp 15-09 16-69 


Table II. Tests for vitamin A value of mango pulp. 








Alphonso (Poona) Cawasji Patel (Poona) Shendrya (Poon 
Change Change 
in weight in weight 
Number of rat, during Dose Number of rat, during Dose Number of rat, 
litter and sex 4 weeks g. in g. litter and sex 4 weeks g. in g. litter and sex 
2689 VIII ¢ = 005 2672 VI ¢ 15 005 2674 VI 
2698 IX g¢ 34 2691 VIII ¢ 7 2686 VIII 
2750 XI ¢G 32 2700 IX * 2706 =X 
2760 XII Q 28 2751 XI * 2758 XI 
2807 XVIII 2 12 2810 XVIII ¢ * 2764 XII 
2834 XXI ¢ 20 2837 XXI ¢ 22 2833 XXI 
2655 IV 3 64 0-1 2661 IV 3 * 0-1 2663 ~=IV 
2664 V 43 2670 V 9 2685 VIII 
2688 VIII ¢ 14 2694 VIII ¢ * 2753 XI 
2755 XI ¢G 10 2773 XIII ¢ * XIII 
2770 XIII ¢ 45 2777 XIV Q 21 XVI 
2814 XVIII 3 37 2813 XVIII ¢ 41 2811 XVIII 
2648 III ¢ 16 0-2 2633 —oI 71 0-2 2640 =I 
2761 XII ¢ 56 2681 VII ¢ 53 2683 VII 
2767 XIII ¢g t 2695 IX g¢ 50 2762 XII 
2779 XIV 31 2766 XII 56 2776 XIII 
2792 XVI 32 2778 XIV ¢ 37 2780 XIV 
2815 XVIII 2793 XVI 2 2795 XVI 
Positive controls. Cod-liver oil Negative controls 
SR a ee eens peta = 
Change Change 
in weight in weight 
Dose Number of rat, during Dose Number of rat, during 
in g. litter and sex t weeks g. litter and sex 1 weeks g. 
O-1 2662 IV 70 No 2667 V 
2679 VII 81 dose 2675 ~VII 
2692 VIII 2 65 2690 VIII 
2712 X $ 70 os 
2765 XII Q 76 ‘ XII 
2768 XIII ¢ 93 2774 XIII 
2809 XVIII ¢ 74 2840 XXI 
2839 XXI 3 60 


* Lost weight and died. 
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Table III. Tests for vitamin A value of mango pulp. 


\lphonso (Surat) Alphonso (Bombay) 


Change Change 
in weight in weight 
Dose Number of rat, during Dose Number of rat, during 
in g litter and sex t weeks g. in g. litter and sex 1 weeks g. 
0-05 2784 XV : —6 0-05 2805 XVII 3 —19 
2798 XVII 3 2820 XIX ¢ 34 
2817 XIX ¢ 2826 XX g 
2823 XX 12 2848 XXIII * 
2858 XXIV 19 2868 XXV 20 
2872 XXVI 10 2873 XXVI —2 
0-1 2789 X\ 0-1 2804 XVII 
2806 XVII 18 2822 XIX 25 
2816 XIX , 2849 XXIII 3 34 
2842 XXII ¢ 16 2854 XXIII 
2853 XXIII 3 AT 2874 XXVI ¢ 15 
2876 XXVI 3 27 2877 XXVI 3 16 
0-2 2790 X\ , 17 0-2 2788 XV ¢ 46 
2801 XVII 3 2802. XVII ¢ l 
2824 XX 22 2845 XXII 25 
2843 XXII 21 2864 XXV 35 
2850 XXIII 21 2870 XXV ¢ 35 
2867 XXV ¢ 50 2875 XXVI —1 
2879 XXVI 33 
Positive controls. Cod-liver oil Negative controls 
Change Change 
in weight in weight 
se Number of rat, during Number of rat, during 
g litter and sex 1 weeks g. Dose litter and sex 1 weeks g. 
0-1 2783 XV No dose 2785 XV * 
2799 XVII 2797 XVII ¢ # 


2821 XIX 
2830 XX 
2847 XXII 
2859 XXIV 
2866 XXV 


2829 XX 
2863 XXIV 
2869 XX\V 





Lost weight and died. 


Table IV. Summary of tests for vitamin C of mango pulp. 


Approximate 
equivalents in 
vitamin C 
international 


Dose in gm. 0-25 0-5 l 2 units per g. 
Alphonso (Poona) 20-30 
Cawasji Patel to 15-20 
Shendrya | to L 2 
Alphonso (Surat) 20-30 
Alphonso (Bombay to 20-30 

Dose in 0-5 I 15 


Decitrated lemon 


for these are also given in Table I. The range of acidity (as H,SO,) was from 
0-11 to 0-37 % and of sugar content (as glucose) from 13-84 to 20-26 % , whilst 
the corresponding figures for the experimental batches used in 1931, which were 
less ripe when picked, were from 1-06 to 3-74 % for the acid content and from 
traces to 8-05 °/ for the sugar content. 

The results of the biological tests are incorporated in Tables II to IV. 
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Vitamin A. It will be seen from Table IT that, as in the 1931 experiment, the 
best results were obtained with 0-2 g. of the Alphonso variety although in this 
case also growth was not optimum. The other two varieties did not show such 
high activity. From a comparison of Tables II and III it transpires that the 
vitamin A activity of the Alphonso variety does not seem to be affected by the 
place of origin. 

Vitamin C. The results are summarised in Table IV. Almost complete 
protection was obtained with a dose of 0-5 g. of any of the Alphonso mangoes, 
showing the potency to be of a similar order to that of the fruit of the 193 
season. The results with the lowest dose (0-25 g.) suggest that the Alphonso (Surat) 
and Alphonso (Bombay) varieties are rather more potent than Alphonso (Poona). 
The Cawasji Patel variety is rather less potent than Alphonso, and Shendrya 
shows only slight activity. This observation is similar to that made on the 
varieties in 1931. 

Vitamin D. Owing to the negative results obtained in 1931 with 0-2 g. of 
mango of any variety, doses of 0-6 g. of Alphonso (Poona), Cawasji Patel and 
Shendrya and of 1 g. of Alphonso (Surat) and Alphonso (Bombay) were tested in 
1932. The results as before were all negative. 


CONCLUSIONS. 


In the experiments carried out on the mangoes grown in 1931, fruits were 
utilised which arrived in an unripe condition. It was therefore desirable in 
repeating this work to employ experimental material which was riper at the 
time of picking, in order to ascertain whether the maturity factor had any 
bearing on the vitamin content of the mango. No striking indications were 
obtained in this direction. The vitamin C content was found to be somewhat 
higher in 1932 than in 1931. The difference in activity is however not very great 
and is most probably accidental. 


We wish to thank Dr S. S. Zilva for help and advice, and the Horticulturist 
and the Agricultural Chemist to the Government of Bombay for supplying us 
with the experimental material and the analytical data. 

The expenses of this investigation were defrayed by the Medical Research 
Council out of a grant made to them by the Empire Marketing Board, to whom 
we should like to express our indebtedness. 
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THE recent work of Svirbely and Szent-Gyérgyi [1933] has brought almost 
conclusive proof of the identity of vitamin C and the ascorbic acid which can 
be prepared from orange juice, paprika, or suprarenal glands, and it has been 
shown by several workers that there is a close connection between the amount 
of ascorbic acid as determined by titration with Tillmans’s reagent, dichloro- 
phenolindophenol, and the antiscorbutic value of the material examined. 

In the experiments described in the following pages this method of titration 
has been applied to the examination of lemon and orange juices with the object 
of ascertaining the degree of natural variation in the content of ascorbic acid 
and the conditions which determine its preservation or disappearance in storage. 

Harris and Ray [1933] give reasons for preferring to carry out this titration 
in acid solution (p,, 2-5) rather than in the nearly neutral solution proposed 
by Tillmans. They find that with fresh juice the results are practically identical 
but that if the juice is boiled or aerated in order to destroy the vitamin little 
diminution is found in the reducing power as determined by titration in neutral 
solution, whereas acid titration shows a much more marked falling-off. 

The titrations here to be described were made in very slightly acid solution, 
Py about 6. At this acidity the indicator gives a violet-blue coloration whereas 
in more acid solution the colour is red, and in neutral solution indigo blue. At 
this reaction—p,, 6—the end-point is much more satisfactory than in the acid 
state, the red coloration being difficult to see, while in neutral solution the re- 
duction of the indicator takes place slowly so that the titration becomes rather 
tedious. At p,, 6 the indicator can be run in rapidly and the colour disappears 
instantaneously until near the end when it slows down, and the titration is con- 
sidered to be finished when the violet-blue colour is permanent for half a minute. 

The titrated liquid left exposed to the air gradually becomes dark blue from 
reoxidation of the indicator. 

It is found that the indicator solution if made up in accordance with the 
suggestion of Tillmans, Hirsch and Hirsch [1932], in Sorensen’s phosphate buffer 
solution of p,, 7 keeps better than in water and this solution was generally used 
for the titrations. As described by these authors the solution was standardised 
by titration with titanous chloride, this, in turn, being standardised against ferric 
ammonium sulphate. 


The results are given as cc. of N/1000 solution of the indicator per 1 cc. of 


juice, and are not calculated to ascorbic acid since it is possible that other 
substances capable of reacting with the indicator may be present in the juice 
and that further work may lead to some correction for these. 

Procedure. 2 cc. of juice are measured into a small beaker and diluted with 
about 10 cc. of water. Add 3-4 cc. of 10 %, sodium acetate solution and titrate 
with approximately N/1000 solution of dichlorophenolindophenol until the 
violet-blue colour is persistent for half a minute. In the case of orange juice, 
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whose acidity is so much lower than that of the lemon, the sodium acetate 
should be followed by a drop of acetic acid. 

Some of the results obtained with lemon juice are shown in Table I. (The 
fruit was obtained from various districts and squeezed in the laboratory using 
an ordinary glass lemon squeezer. The juice was passed through a strainer and 
titrated immediately.) 


Table I. 


ec. V/1000 Acidity ec. V/1000 Acidity 
' indicator per g. citric acid indicator per g. citric acid 
Sample 1 ec. juice per 100 ce. Sample 1 ce. juice per 100 ce. 
1 9-1 6-85 12 8-45 7-0 
2 10-7 7°35 13 8-1 6-65 
3 10-5 7-40 14 8-25 7-07 
4 8-5 6-85 15 9-05 6-95 
5 9-7 7-65 16 6-25 7°35 
6 8-25 6-80 17 8-00 6-65 
7 10-45 7-85 18 7-5 6-80 
8 10-65 7-70 19 8-6 7-25 
9 9-55 7°30 20 7-2 7-05 
10 8-1 7°35 21 8-0 7-65 
11 ee 7-60 


It is seen that the variations are very considerable, the lowest value being 
only about 60 % of the highest and the doses of juice used in biological trials 
may have quite different values in different cases. 

It has not been possible so far to see any relation between the reducing 
value of the juice and its acidity or other properties. Nor is there any clear 
connection with the degree of ripeness of the fruit, results of similar value being 
found in December and in March. 

Even more striking variations were found between individual lemons. Twenty 
lemons gathered from the same tree on March 2nd and squeezed separately gave 
results varying from 4-9 to 10-0. 

Orange juice is more nearly uniform and the results are distinctly higher. 
All the sampies examined have been found to lie between 10-3 and 11:8. 

Effect of preservatives. It was found that lemon and orange juices without 
any addition of preservatives could be kept for long periods without any appre- 
ciable diminution in their reducing power. Although they ferment, and even 
when the surface is covered with a growth of mould, the reducing power is 
almost unaltered. 

In the presence of preservatives this is not the case. In Table II are set out 
the results of an experiment in which freshly prepared lemon juice was divided 
into a number of portions. One was left without any addition and to the others 
were added the indicated quantities of various preservatives. The bottles were 
left at the ordinary laboratory temperature (between 16° and 22° during the 
period of the experiment) and titrated at intervals. In the unpreserved juice, 
fermentation sets in within 48 hours and is tolerably complete within a week. 

The sugars were added in the form of 80 % syrups so that the juice was 
diluted to twice its volume. Fermentation began in the first few days and the 
titration value remained practically constant thereafter. 

It is seen that formaldehyde has an immediately destructive effect on the 
reducing factor. The other preservatives do not seem to act on it directly, but 
in all the unfermented juices the reducing factor had practically disappeared 
in 30 days. 

The experiments in presence of sugar were repeated with addition of sulphur 
dioxide or benzoic acid as preservatives (Exps. 10 and 11). 
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Table II. | 


Titrations 


After / 
Preservative employed Original 2 days 7 days 30 days 95 days 
l. None 7-80 7-50 7-50 7-35 6-90 
2. Sulphur dioxide 0-035 ‘ 7-80 7-40 6-90 0-60 } 
3. Benzoic acid 0-063 ‘ 7-80 6-30 5-60 0-50 
4. Sodium fluoride 0-10 © 7-80 5-80 2-20 0-30 
5. Formic acid 0-30 ‘ 7-80 5-60 2-00 
6. Formaldehyde 0-30 7-80 0-50 
7. Salicylic acid 0-05 ‘ 7-80 6-20 3-20 0-50 . ‘ 
8. Glucose 40 3-90 3-60 3-60 3°50 
9. Sucrose 40 ° 3°90 3°75 75 3-60 
Original 3 days 8 days 16 days 37 days 
10. 40 ©. sucrose +SO, 0-035 °/ $-55 $-0 4-0) 3-2 1-2 i 
ll. 40°. sucrose benzoic acid 0-063 © 4-55 a5 2-9 1-0 — 


In this and in other experiments the juices preserved with sulphur dioxide 
retained their reducing power longer than the others, but even in this case it 
disappeared almost entirely within 30 or 40 days. The sulphurous acid itself 
reduces the indicator though more slowly than the reducing factor of the juice 
and no good end-point can be obtained in its presence. The method followed is 
to distil off the sulphur dioxide in a current of carbon dioxide, cool rapidly, 
dilute to the original volume and titrate. It was found that this procedure had | 
no effect on the titration value of pure juice or of juice to which sulphurous 
acid had been quite recently added. 

The experiment was tried of adding much larger quantities of sulphurous 
acid, but this had little effect on the rate of loss of the reducing factor. 

Amount of SO, added 2-85 g. per litre (10 times usual addition): 


Titration. Original 4 75 
After 12 hours es se 7:5 

5 days 7-4 

2 5 re Se 5:8 

19 t+] 

28 2-9 

42 1-] 


In 4+ weeks the reducing factor had diminished to one-third of its original 
value but the amount of SO, still present was 1-6 g. per litre—five times as much 
as is usually employed as preservative. 

Effect of alcohol. The addition of alcohol to juice caused a rapid loss of re- 
ducing power. 

Original 
titration 3 days 8days Il6days 37 days 


1 - 


uice containing 10 °, of aleohol 8-59 6-9 5-0 1-] 


Effe ct of acidification. 


With 50 % of alcohol all reducing power was lost in 5 days. 


Original] 
titration 18hours S8days_ 15 days 


90 cc. of Juice l ec. hydrochloric acid, py 1-8 8-75 78 1-4 
90 cc. of juice 5 ec. hydrochloric acid, Pu 1-2 8-3 7-2 0-9 
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The reducing power falls off rapidly and is practically gone within a week. 
The acidity is too high for fermentation to take place. 
Effect of traces of metals. 


Original 24hours 96hours Sdays 12days 28 days 
Juice + 0-001 °% copper 8-0 6-5 5-6 5-6 5-6 5-6 
>» +0:003 % “s 8-0 6-2 4-3 4-5 
— 0-001 ©, iron 8-0 78 7°8 78 7:8 oa 
+ 0-001 ©, aluminium 8-0 7:8 738 78 78 7:7 


_ Iron and aluminium have no effect. Copper causes a rather rapid decrease 
until fermentation begins and then has no further effect. 

Effect of pasteurisation. Juice contained in a series of test-tubes was heated 

at 65° for an hour. The tubes were stoppered with cotton-wool and tested at 


intervals. 


Original titration = 8-0 
Immediately after pasteurisation 7-5 
After 16 hours 7:2 
2 days 6-8 
 — 5-1 
6 4-7 
5 3°5 
1] 3:1 
is ,, ae 2-2 


A steady diminution of the reducing factor occurs, leading to disappearance 
in 18 days. Boiling juice under a reflux condenser for several hours causes only 
a small decrease in reducing power. The boiled juice, if protected from ferment- 
ation, follows the same course as the pasteurised juice shown above. In this 
respect we do not find any important difference when the titrations are carried 
out in acid solution as suggested by Harris and Ray. 

Titration cf criginal juice , ave ae - 

after boiling for 2 hours under reflux ses we 9-5 

after boiling for 2 hours under reflux (titrated at 
natural acidity of juice) 


Effect of lemon oil. The results in presence of lemon oil are somewhat irregular 
and this is to be expected. The oil is only soluble to a very slight extent in the 
juice so that anything beyond a very small quantity forms a layer on the 
surface of greater or less thickness and this layer may to some extent be pro- 
tective. Oil is not very efficient as an anti-fermentative, but affords considerable 
protection against the growth of moulds. 

Experiments were made with 0-2, 0-5 and 1-0 % of oil. In all cases there 
was a fairly rapid diminution in reducing power in the first few days. With the 
smaller quantities this fall was arrested after the fifth day and the value then 
remained constant for several weeks at about two-thirds of the original figure. 
With 1 % the reducing power continued to diminish slowly and in 2 months 
had almost disappeared. 

In experiments with juice pasteurised by heating for an hour at 65° similar 
results were obtained. The juice thus treated loses its reducing power at about 
the same rate as when treated with benzoic acid or similar preservatives. If, 
however, at any time ferments are allowed access to the liquid the loss is arrested 
and the reducing power remains nearly constant at the point it had reached 
before fermentation began. 
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The loss of reducing power while in the sterilised state is greatly retarded if 
precautions are taken to extract any dissolved air from the juice and to keep 
it thereafter out of contact with the atmosphere, and experiments are now in 
course to determine the duration of the reducing factor in these circumstances. 

All these observations are in close agreement with the work of Williams and 
Corran [1930] who used the biological method and concluded that those sub- 
stances which exert the strongest preservative action against gross fermentation 
possess the greatest destructive action on the antiscorbutic vitamin system. 

It seems probable, however, that the preservatives, except formaldehyde, 
do not directly attack the reducing factor, but that they inhibit the action of 
another factor which in the untreated juice protects the vitamin from atmo- 
spheric oxidation. 

This protective agency being destroyed by all the usual anti-fermentatives 
and by heat, and being restored if fermentation is set up in the once sterilised 
liquid before the reducing factor has disappeared, must be of the nature of an 
enzyme [cf. Zilva, 1928]. 

Orange juice. The behaviour of orange juice is, in general, similar to that of 
lemon juice although one or two inconsistencies have been observed which are 
still the subject of study. 

Titrations 





Preservative employed Original After8 days 20 days 40 days 
1. None 11-25 10-95 10-95 10-65 
2. Sulphur dioxide 0-035 % 11- 9-40 8-10 6-65 
3. Benzoic acid 0-063 °% 11-25 7-80 0-75 
4. Sodium fluoride 0-10 % 11-25 7-70 0-60 — 


In this series it is seen that the reducing power is maintained in the presence 
of sulphurous acid to a greater extent than was found to be the case with lemon 
juice, quite half of it remaining after 6 weeks. 

With fluorides or benzoates on the other hand the loss of reducing power 
was almost complete in 3 weeks. In other experiments, however, when, after 
addition of benzoate, the juice was placed in a vacuum for some time in order 
to extract as far as possible any air, dissolved or adhering in minute bubbles 
to the floating pulp, the diminution of reducing power took place much more 
slowly. After 3 weeks the titration was 6-7, and after 6 weeks 6-25. The loss 
continued slowly and final disappearance of the reducing power required 
4 months. 

Further experiments were made with juice from blood oranges squeezed in 
April and therefore much riper than the fruit previously used. After addition 
of the usual proportion of benzoic acid the juice was stirred gently in vacuo, 
and was then preserved in ordinary corked bottles. To one of these was added 
sufficient citric acid (5 %) to bring its acidity up to that of average lemon juice. 


Titrations 


Treatment Original After 1G days 15 days 24 days 
1. None 11-25 10-0 10-0 9-8 
2. Benzoic acid 0-063 °, 11-25 8-1 6-5 6-1 
7 Do. 11-25 8-0 6-5 5-4 
$. Do. +5 °,, citrie acid 11-25 5-0 31 0-4 


The acidified juice behaves like lemon juice. The unacidified juice loses its 


reducing power at a slower rate. 
Acidification with hydrochloric acid has, as with lemon juice, the effect of 











in 





VITAMIN C IN CITRUS JUICES 1299 


accelerating the loss of reducing power provided the amount added is sufficient 
to arrest fermentation. 

Original 

titration 5days S8days 12days 18 days 
1. 90 cc. of juice +1 ec. hydrochloric acid, py 2-1 10-3 9-5 9-5 9-3 9-3 
2. 90 ce. of juice +4 cc. hydrochloric acid, py 1-2 = 10-1 8-5 7-0 4-0 2-6 

In No. 1 the acidity was not sufficient to prevent fermentation and the re- 
ducing power, in consequence, remained nearly constant. 

' The py of the orange juice before addition of acid was 3-6. That of lemon 
juice is about 2-1 to 2-3. 

Fractionation. The fractionation of the reducing or antiscorbutic factor in 
lemon juice when this is treated with lead acetate at various p, values has 
been the subject of considerable discussion. Zilva [1932] is of opinion that 
there is no definite relation between the reducing powers of such fractions and 
their antiscorbutic values, while at the same time there is no clear-cut separa- 
tion of vitamin in the different precipitates. These in fact, voluminous and 
difficult to wash, are of the type most likely to retain small quantities of other 
substances, and any extended manipulation of them is to be avoided since 
the reducing factor is here in a highly unstable state. In the course of a few 
hours the solution of one of these precipitates loses a large part of its reducing 
power. 

It is not clear from Zilva’s paper what proportion of the total antiscorbutic 
factor he found to be contained in the precipitate at py 5-4. From the obser- 
vations of Tillmans, Hirsch and collaborators [1932] it seems that about one-fifth 
of the original reducing power was precipitated at this point. 

Working with small quantities of juice which permit rapid manipulation we 
have found about 10 % of the reducing power to be removed in this precipitate. 

A second precipitate was obtained by adding ammonia to the first filtrate 
until the p,, reached 8-0 and the filtrate from this had no reducing power. The 
second precipitate (p,, 5-4-8-0), redissolved in acetic acid, was found to contain 
over 60 % of the reducing factor originally present. 

Taken 250 cc. of lemon juice of which 1 cc. requires 10-5 cc. N/1000 indicator 
solution. 

Total reducing power sis ‘ 2625 ce. 
1. Added 13-5 g. calcium carbonate, stirring will. a to 85°, filtered and 
washed. Filtrate 500 cc. of which 1 cc. requires 5-15 cc. indicator. 
Total reducing power of filtrate ... sai wn 2575 ce. 
Py Of filtrate 5-4. 
2. Added 10g. lead acetate, filtered and washed. Filtrate 800 cc. of which 
1 cc. requires 2-93 cc. indicator. 
Total reducing power of filtrate ... a sas 2340 ce. 
Loss between 1 and 2 a oa fa a 235 ce. 
i.e. 9 % of total present. 
3. Added ammonia to p,, 8-0; filtered and washed. Filtrate had no reducing 
power. 
4. Precipitate redissolved in dilute acetic acid. Volume of solution 170 ce. 
1 cc. required 9-5 cc. of the indicator solution. 
7 reducing power a oS 1615 ce. 
: 6b % of the reducing power originally present. 
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The precipitate was decomposed with hydrogen sulphide, filtered, washed, 
the hydrogen sulphide expelled in a current of carbon dioxide and the liquid 
concentrated in vacuum to 60 cc. without further loss of reducing power. 

In another experiment with 500 cc. of juice nearly 70 % of the original 
reducing power was obtained in the concentrate but with larger volumes of juice 
it has not, so far, been possible to get more than about 40 %, the loss taking 
place during the formation and manipulation of the second lead precipitate. 

Commercial juices. Mr F. K. Donovan has been kind enough to make some 
titrations of commercial juices and of juices pressed by himself in London for 
comparison with our results. 

Lemon juice freshly pressed in London gave titrations of from 7-7 to 9-45, 
results well within the range we have found in Sicily. Commercial juices, generally 
preserved with sulphurous acid, and the syrups made from them, gave, as would 
be expected from the foregoing observations, much lower results. The highest 
titration found was 4-7 and in other cases hardly any reducing power remained. 

Imported lime juice, preserved by its oil only, gave 2-2 and 1:35. When 
freshly pressed from limes the figures found were 4-85 and 4:9. Hassan and 
Basili [1932] have published experiments with Egyptian limes which led them 
to the conclusion that fresh juice is active but loses its activity more rapidly 
than lemon juice, and that the loss begins in the fruit itself during ripening or 
storage. The limes from which juice was pressed in London were of unknown 
history and probably juice from newly gathered fruit might have considerably 
higher values. 

Imported West Indian grape fruit juice gave titrations between 4 and 5 and 
freshly pressed juice was not much higher. Sicilian grape fruit pressed shortly 
after gathering, however, gave a result comparable with that of lemon juice—7-5. 

Experiments are now in course in which the reducing power of juices pre- 
served in various ways, including juices sterilised by the Matzka process, will 
be followed during a period of some months and will be compared with the 
results of biological trials carried out with the same material. 

It is hoped that the results may be the subject of a further communication. 


SUMMARY. 


1. The method of titration with dichlorophenolindophenol has been applied 
to the examination of a number of samples of lemon and orange juices, both 
freshly prepared and preserved in various conditions. 

2. It has been found: 

(a) That the reducing power of fresh lemon juice is subject to considerable 
variation, the lowest samples examined having only 60 % of the reducing power 
of the highest. 

(b) That the reducing power of orange juice is more constant and rather 
higher than that of lemon juice. 

(c) That the reducing power of both juices does not diminish much in 
storage in the absence of preservatives, but that the use of any preservative 
which is efficient in preventing fermentation is followed by the gradual diminu- 
tion of the reducing power which totally disappears in, at most, a few weeks. 

(d) That the same result is brought about by strong acidification, pas- 
teurisation or boiling. 

3. It is concluded that in untreated juice the reducing factor is protected 
from atmospheric oxidation by the action of an enzyme, and that when this 
action is inhibited by any of the usual means the reducing power is rapidly lost. 
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(Rece ved July Ist, 1933.) 


out in the National Institute for Research in Dairying it has been our custom 
to estimate vitamin D in butter in winter, summer and autumn by curative and 
protective experiments on rats. 

As is well known, the vitamin D content of butter is at its lowest during 
the winter months. In 1931-32 we found that 1-5 g. of our winter butter fed 
daily over a period of 10 days to rachitic rats did not suffice to bring about 
even a partial cure of the rachitic condition, that is, we were unable to obtain 
even a faint “line” with this amount in the curative line test. In our technique 
the butter-fat is administered to the experimental animals by pipette separately 
from the diet, and we find it practically impossible to give to the rats more 
than 1-5 g. (or almost 2 cc.) of butter daily. 

When planning the curative experiments for the next winter period (1932-33) 
we decided to concentrate the antirachitic factor of butter by saponification 
and to feed to rats the non-saponifiable residue of larger quantities of butter, 
3 and 6g. daily. In order to test the feasibility of such a method we decided 
to rehearse it in the preceding autumn and to compare, in protective experi- 
ments, the antirachitic effects of graded amounts of autumn butter with those 


’ 
In the course of a study of the vitamin content of typical English milk carried | 


of equivalent amounts of the non-saponifiable residue from this butter. The 
protective technique was chosen in preference to curative tests because, when 
equal numbers of experimental animals are used, it is, in our opinion, more 
accurate than the latter and therefore more likely to show any possible defects 
in our method. 

EXPERIMENTAL. 


Bape riments carried out in autumn 1932. 


Method of saponification of butter. The butter used in this study was obtained 
from a herd of shorthorns belonging to this Institute. The care and management 
of this herd are typical of the agricultural practice in the south of England 
[Golding et al., 1932]. The butter was churned twice weekly in the Institute’s 
dairy from fresh cream separated from mixed samples of evening’s and morning’s 


1 Read before the Biochemical Society, May 6th, 1933 [Kon and Booth, 1933]. 
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milk blended in the proportion of 2:3, and was unsalted. It was melted at a 
temperature not exceeding 80° practically immediately after delivery from the 
dairy, and the rendered fat, after filtration, was stored in the ice-chest until 
required. The saponification was carried out as follows: to 50g. of butter-fat 
100 ce. of absolute ethyl alcohol were added, followed by 22 cc. of a saturated 
aqueous solution of KOH (80 g. A.R. dissolved in 54 cc. of water). The mixture 
was boiled on the water-bath for 1 hour, 400 cc. of water were added and the 
non-saponifiable matter was extracted by shaking with three 250 cc. portions 
of “anaesthetic” ether. The ethereal extract was washed twice with 200 cc. of 
water, dried over anhydrous Na,SO,, the bulk of the ether driven off on the 
water-bath and the residue taken to dryness in vacuo. The non-saponifiable 
residue, usually amounting to about 200-250 mg., was, after weighing, dissolved 
in olive oil to a total weight of 5g. This was done by dissolving the non- 
saponifiable residue in a small amount of ether, adding the requisite amount of 
olive oil and driving off the solvent in vacuo. In this way 1 g. of the olive oil 
solution contained the non-saponifiable residue from 10 g. of butter. For feeding, 
the oily solution was distributed, by means of calibrated pipettes, into small 
por celain dishes. The butter was saponified twice weekly, 10 samples churned 
between October 25th and December 3rd, 1932, being used altogether for the 
autumn experiment. Of these the first six were distributed for feeding as 
described above. In the case of the last four the procedure was slightly modified, 
in that, after the non-saponifiable residue had been incorporated in olive oil, 
the solution instead of being distributed as such, was dissolved in 50 cc. of 
A.R. benzene. The benzene solution was then distributed into porcelain dishes 
from a burette. The solvent was evaporated before a fan and the last portions 
removed in a vacuum desiccator. The raw butter used for feeding was always 
from the same sample as that used for saponification. 

Animal tests. For the feeding test young rats weighing 55-65 g. were used. 
They were left with their mothers until they reached that weight (generally 
between the 21st and 25th day of life). They were then randomised, placed on 
the 2965 rachitogenic diet of Steenbock, and the various substances to be tested 
for their antirachitic potency were given from the start separately from the 
diet for a period of 5 weeks, six times a week. At the end of the experimental 
period the rats were killed by coal gas, and the antirachitic potency of the sub- 
stances tested was assessed by estimating the ash content of dry defatted femora 
and humeri and also by the appearance of sections of radii and ulnae stained 
with silver nitrate. Four rats were used for every substance or level tested. 

In Table I we give the ash percentages obtained for several levels of autumn 
butter and for equivalent amounts of the non-saponifiable residue from this 
butter, while Plate ITI, fig. 1, gives photographs of stained sections of radii and 
ulnae of rats having received the highest level of butter and non-saponifiable 
residue, taken by the method of Dyer [1931] slightly modified'. 

It is obvious both from the table giving the percentages of ash and from the 
appearance of sections of radii and ulnae that, as a result of saponification, the 
antirachitic potency of butter had dropped very considerably, the non-saponi- 
fiable residue of 13g. of butter producing an effect only slightly superior to 
that given by 0-2 g. of raw butter. 

It appears therefore that while these results were quite unsatisfactory so 
far as the elaboration of a method for the testing of butters of low antirachitic 


1 The bones, mounted according to Dyer’s method, were photographed under } watt electric 
illumination, a Wratten K. 3 filter being used and the Ilford panchromatic plates being developed 
for only 3§—4 mins. in metol-quinol. 
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Table I. Autumn 1932. Prophylactic experiment. Antirachitic effect of butter 
and of non-saponifiabli residue from butter. Perce ntage of ash in dry defatte d 


fe mora and hume rt. 


The figures for °( ash are averages of duplicate determinations on groups of 4 rats. 


Negative controls 29-2 ° 


o* 





0-1 «. butter 31-0 °%, 

0-2 «, ss 33-6 N.S.R. from 0-2 g. butter 31-4 % 
0-5 g. = 1)-2 a 0-5 2 31-4 
l-Og aM 50-0 x 1-0 e. 33-7 
‘Dg. oe 5L-8 a ‘Dg. 34-5 


Positive controls 52-4 ° 


potency is concerned, they were highly valuable in yielding the unexpected 
observation that the antirachitic factor of butter does not share wlth other 
antirachitic substances their well-known resistance to saponification. 


Experiments carried out in winter 1933. 


In the following winter period three series of experiments were carried out. 
In the first series the antirachitic potency of winter butter was compared at 
several levels in protective experiments with that of the non-saponifiable residue 
of the same butter, prepared by two different methods. A mixture of irradiated 
ergosterol (the International Standard of vitamin D) and of the same butter 
was also subjected to saponification and the antirachitic potency after saponifi- 
cation compared with that of an equivalent dosage of the International Standard 
of vitamin D (0-4 unit daily). 

In the second series two samples of cod-liver oil and the International 
Standard of vitamin D were saponified both alone and mixed with butter and 
the antirachitic potency of the non-saponifiable residues was compared in cura- 
tive tests with that of equivalent amounts of the original substances. 

In the third series, the effect of saponification on the antirachitic potency 
of cod-liver oil and of the International Standard of vitamin D (either alone or 
mixed with butter) was judged in protective experiments. 

First series of winter experiments. As already mentioned butter for these 
experiments was saponified by two methods, one being the method previously 
described. In the other, instead of boiling the butter for 1 hour with alcoholic 
potash we brought the mixture to a temperature of 60—-70° for 2 minutes only, 
saponification being completed under these conditions. As previously, the butter 
was saponified twice weekly in 50 g. lots, or, in the case of butter saponified 


for 1 hour in 25 g. lots. The further treatment was as previously described. Fo1 


feeding, the non-saponifiable residue was dissolved in “‘anaesthetic”’ ether and 
transferred to a volumetric flask containing olive oil to the extent of 10 % by 
weight of the butter originally taken for saponification. The ethereal solution 
was made up to contain the equivalent of 1 g. of butter in 1 cc. It was then 
distributed for feeding into small porcelain dishes from a special burette for 
volatile liquids. Ether was used in preference to benzene because of the rela- 
tively greater ease with which the former solvent may be removed. The butter 
for this experiment was churned between February 10th and March 14th, 1933. 

For saponification the International Standard of vitamin D (VD. 5 issued 
September 30th, 1932) was mixed with winter butter in the proportion of 1 unit 
of the Standard to 0-25 g. of the mixture, e.g. 76 mg. of the Standard were mixed 


with 18-924 g. of butter. The mixture was then saponified for 1 hour and the 
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non-saponifiable residue extracted by a method exactly similar to that used 
for the extraction of the non-saponifiable residue in the first experiment men- 
tioned. For feeding, the non-saponifiable residue was dissolved in ether and 
distributed exactly as described in the case of winter butter. 

The ash percentages obtained in this experiment are given in Table II, 
while in Plate ITI, figs. 2a and 26 are given photographs of stained sections of 
radii and ulnae of the experimental animals. 


Table II. Winter 1933. First prophylactic experiment. Antirachitic effect of 
butter, of the non-saponifiable residue from butter and of the International 
Standard of vitamin D before and after saponification (mixed with butter). 
Percentage of ash in dry defatted femora and humeri. 


The figures for % ash are averages of duplicate determinations on groups of 4 rats. 


Negative controls 32-2 %. 





0-25 g. butter aTly% N.S.R. from 0-25 g. butter 35-3 % 
0-5 2. Pe 46-0 ‘a 0-5 g. 36-3 
1-0 ¢. 50-7 - 1-0 g. és 39-7 
1-5 g. 53-2 l-5¢ 39-2 

N.S.R. from 1-5 g. butter saponified for 1 hour 412% 

0-2 unit of International vitamin D standard 46-9 

0-4 unit of International vitamin D standard 50-2 

0-4 unit of International vitamin D standard 

mixed with butter and saponified a 50-0 


Positive controls 50-7 %. 


It will be seen that, as far as butter is concerned, the results are very similar 
to those obtained in the preceding autumn. 

Here again the antirachitic effect of the non-saponifiable residue from 1-5 g. 
of butter is only slightly superior to that given by the lowest level of raw butter, 
and the milder saponification does not prevent the loss of potency to any extent. 

On the other hand the antirachitic activity of the International Standard 
of vitamin D has survived unimpaired a saponification in the presence of butter. 

Second series of winter experiments. As this series overlapped the first series, 
the same butter, saponified butter and saponified mixture of butter and Inter- 
national Standard of vitamin D were used in the earlier part of this experiment 
(butters churned between March 10th and March 14th, 1933) as in the first 
series. Following on this, butters churned between March 14th and 21st were 
tested. In addition, two samples of cod-liver oil were used, one kindly given us 
by Dr K. H. Coward and assessed by her as containing 250-300 International 
units of vitamin D per g. For the other, one of us (S. K. K.) is indebted to 
Dr A. D. Holmes of the E.L. Patch Co. in Boston who sent him several samples 
of this oil in 1929. At that time its potency was given by Dr Holmes as in 
excess of 125 units (as defined in the E.L. Patch Laboratories and similar to the 
Steenbock unit) per g. 

The cod-liver oils were tested, either as received, or after saponification, 
either alone or mixed with butter. The raw cod-liver oils were diluted with 
olive oil so as to contain the requisite amount in 20 mm.* and were fed from 
pipettes made in accordance with the specifications of Memorandum 10 (A) of 
tue Dept. of Biological Standards of the National Institute for Medical Research. 
Dr Coward’s cod-liver oil (No. 1) was fed at a level of 2 mg. daily, while of 
Dr Holmes’s oil (No. 2) 8 mg. were given daily. The cod-liver oils were saponified 
for 1 hour under precisely the same conditions as previously employed for the 
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butter. Two saponifications of each of the cod-liver oils were carried out in the 
course of the 10-day feeding period. In view of the much higher activity of 
cod-liver oil the amounts of non-saponifiable residue fed were much smaller 
than in the case of butter, and for this reason the concentrates from cod-liver oil 
were mixed with a relatively larger volume of olive oil and likewise with a 
relatively larger amount of ether. Otherwise they were distributed in porcelain 
dishes in exactly the same way as in the case of butter. 

As already mentioned, the saponified mixture of butter and irradiated 
ergosterol was obtained from samples used in the first series of winter experi- 
ments. 

The International Standard of vitamin D alone was saponified for 1 hour 
under conditions similar to those described above, the only difference being 
that, owing to the small quantity of the substance used (1 g.), relatively more 
ether was used for the extraction of the non-saponifiable residue from the soap 
solution in order to avoid the increased losses which might occur when such small 
quantities were handled. Only one saponification was carried out and the olive 
oil solution of the non-saponifiable residue was stored in the porcelain feeding 
dishes in the ice-chest. 

All these substances were tested on rats in curative tests, i.e. they were fed 
during the course of 10 days to rats previously rendered rachitic by being kept 
for 21 to 23 days on the 2965 diet of Steenbock. In Plate ITI, figs. 3a, 3b and 3c, 
are given photographs of line tests carried out on these rats. 

It will be seen that, while the two samples of cod-liver oil and the Inter- 
national Standard of vitamin D have retained their antirachitic potency after 
saponification, whether saponified alone or in the presence of butter, winter 
butter has again lost at least a large part of its original potency. Incidentally 
the butter was more potent this year than in the preceding winter and gave a 
definite line at the 1-5 g. level. 

Third series of winter experiments. In the third series of experiments the 
International Standard of vitamin D (V.D. 6, distributed March 31st, 1933) 
was fed at 3 levels of 0-1, 0-15 and 0-2 unit daily and its antirachitic potency 
compared in protective experiments with that of the saponified Standard fed 
at the 0-2 unit level and with that of a saponified mixture of the Standard with 
winter butter also fed at the 0-2 unit level. 

The Standard was saponified as previously described. The mixture of butter 
and Standard was made in the proportion of one part of the International 
Standard to 100 parts of the mixture; it was saponified in the usual way. At 
first the non-saponifiable residues were dissolved in ether and distributed as 
previously described. Later (10 days after the commencement of the experi- 
ment) the method was modified in the following way. The non-saponifiable 
residues were dissolved in a small quantity of ether and mixed with olive oil 
in such a way that the requisite amount of the residue was present in 20 mm.? 
of the solution after evaporation of the ether. These olive oil solutions were 
then fed by means of vitamin D pipettes. The bulk was kept in the ice-chest, 
and the methods suggested by the Department of Biological Standards of the 
National Institute for Medical Research for the handling of the International 
Standard of vitamin D and of its dilutions were rigidly adhered to. 

Dr Coward’s cod-liver oil was fed as such after dilution with olive oil (0-8 mg. 
of cod-liver oil daily) and was also fed after being saponified either alone or 
mixed with butter in the proportion of 2-5 g. of oil to 97-5 g. of butter. These 
non-saponifiable residues were fed in exactly the same way as those of the 
International Standard of vitamin D. 
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PLATE III 
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For testing these substances 3 rats were used for each level (instead of the 
usual 4) and only 2 were available for the 0-1 unit level of the International 
Standard. 

The ash percentages are given in Table III while photographs of stained 
sections of the wrist bones will be found on Plate ITI, figs. 4a and 46. It is 


Table IIT. Winter 1933. Second prophylactic experiment. Antirachitic effect of 
cod-liver oil and of the International Standard of vitamin D before or after 
saponification (alone or mixed with butter). Percentage of ash in dry defatted 
femora and humeri. 


Ash %, given as averages of duplicate determinations on groups of 3 rats (2 in the case of the 
0-1 unit level of the International Standard). 


Negative controls 32-7 %. 


0-1 unit of International vitamin D standard ai oe peor Soa cae 44-9 
0-15 unit of International vitamin D standard eee ie Ses was aus 48-8 
0-2 unit of International vitamin D standard on : ie a 47-9 
0-2 unit of International vitamin D standard after saponific ation - ‘ 45-5 
0-2 unit of International vitamin D standard mixed with butter and saponif ied 46-0 
0-8 mg. cod-liver oil oe es - we ne aes oo es 48-7 
0-8 mg. cod-liver oil after saponification oe ae oe er pas 49-4 
0-8 mg. cod-liver oil mixed with butter and saponified dee oe =o bie 19-7 


evident that, under our experimental conditions, the antirachitic principle (or 
principles) of cod-liver oil and of the International Standard of vitamin D i 
not affected by saponification in the presence or absence of butter. 


DISCUSSION. 


When the results of several independent series of experiments described 
the experimental part of the present paper are compared and reviewed as a 
whole, the following general conclusion may, in our opinion, be safely drawn, 
namely, that the antirachitic agent, whatever its nature, present in winter and 
autumn butters can, in experiments on rats, be chemically differentiated from 
irradiated ergosterol as present in the International Standard of vitamin D and 
from vitamin D sensu stricto as it is present in cod-liver oil. Under our experi- 
mental conditions we are unable to concentrate in the non-saponifiable residue 
the antirachitic potency of butter, whereas, under exactly similar conditions, 
we are able to concentrate in the same fraction practically the whole of the 
antirachitic activity of the two other antirachitic agents, thus simply confirming 

1 the latter case, for our experimental conditions, the experience of countless 
other workers. Whether we are dealing here with a destruction of the anti- 
rachitic factor of butter or whether it only finds its way into a different fraction 
at some stage during the course of the preparation of the non-saponifiable 
residue we are at present unable to say. Experiments on this point are now in 
progress. Whatever the nature of the change it seems to be brought about 
readily in the course of saponification as evidenced by our failure to obtain 
any better concentration of the antirachitic factor in the non-saponifiable 
residue by using a milder method of saponification. 

From our experiments, in which cod-liver oil and irradiated ergosterol were 
saponified in the presence of butter, we conclude that butter does not contain 
a specific destructive substance alongside the classic vitamin D, as the presence 
f butter does not affect the stability to saponification of other antirachitic 
agents. On the other hand it might be conceived that a specific adjuvant is 
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present in butter and enhances greatly the pharmacological action of vitamin D 
sensu stricto. While such a possibility seems to us very remote we are not pre- 
pared to rule it out without experimental evidence. This we are seeking at 
present in experiments designed for the purpose. 

The discovery of the antirachitic activation of foodstuffs by ultra-violet 
irradiation and the subsequent work showing that ergosterol was apparently 


specific in its capacity for activation by this means have led many students of 


nutrition to believe that only one antirachitic substance exists and to reduce, 
therefore, all manifestations of antirachitic activity to the common denominator 
of irradiated ergosterol. Recent evidence has extensively undermined this view, 
in fact has rendered it untenable. The work of Hess [Hess and Supplee, 1930; 
Hess, Weinstock and Rivkin, 1930] and of Steenbock e¢ al. [1932], to mention 
only two of the numerous investigators in this field, has shown beyond reasonable 
doubt that the biological activity of fish-liver oils is, for human beings and birds 
(chicken), rat-unit for rat-unit, much higher than that of irradiated ergosterol. 

Our experiments on butter point to a chemical difference between winter 
and autumn butter on the one hand and irradiated ergosterol and cod-liver oil 
on the other as far as their vitamin D activities are concerned. If we accept a 





difference as existing between the two latter factors, and this we have no reason 
to deny, it seems to us that the existence of at least a trinity of antirachitic 
agents is now supported by a respectable weight of evidence. 

After having failed to concentrate the vitamin D activity of butter in its 
non-saponifiable fraction we searched the literature in order to see whether 
findings of a similar nature had not been recorded elsewhere. Two observations 
have attracted our attention. In one of them, Zucker and Barnett [1922-23] 
mention their inability to concentrate the antirachitic activity of plant tissues 
and of butter by extraction with 95 % alcohol and subsequent saponification 
of the extract, while this method was successful when applied to cod-liver oil. 
We are at present repeating Zucker’s experiments in order to verify whether 
and at what stage in his procedure the butter loses its antirachitic potency. 

The second paper is by Supplee e¢ al. [1931]. These authors, in investigating 
the antirachitic activity of irradiated milk, extracted the non-saponifiable frac- 
tion of milk-fat derived from dry milk or from butter but were unable to 
activate it antirachitically by ultra-violet irradiation as judged by experiments 
on rats and chickens, whereas they were able to render equivalent amounts of 
original natural milk strongly antirachitic under the same conditions. 

We wish it to be clearly understood that our results, both with regard to the 
antirachitic potency of butter and to our inability to concentrate this potency 
in the non-saponifiable residue, were obtained in experiments on rats, and that 
our suggestions and conclusions apply to this animal only. The pathological 
picture brought about in the rat by deprivation of vitamin D combined with 
a marked alteration in the calcium : phosphorus ratio is by no means identical 
with rickets in the human being or with similar conditions in other species re- 
sulting from the simple withdrawal of vitamin D even in the presence of a 
correct mineral balance. That caution is necessary in transferring to the human 
being results obtained on the rat has been sufficiently emphasised by the recent 
work on the comparative antirachitic potencies, of irradiated ergosterol and 
cod-liver oil. 

Numerous experiments in various countries have proved beyond reasonable 
doubt that butter is antirachitically active when tested on rats. Its value as 
an antirachitic agent for other species is, however, still very debatable and is 
yet subject to much controversy. 
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We are investigating at present the effect of saponification on the anti- 
rachitic factor of summer butter and also of butters rendered highly antirachitic 
either by direct irradiation with ultra-violet light or by the feeding to cows of 
irradiated yeast or of cod-liver oil. Such butters are sufficiently antirachitic to 
enable us to test their potency on other species, and we would like to postpone 
further discussion until these results are available. 


SUMMARY. 


1. Autumn and winter butters, either saponified in the usual way by boiling 
for 1 hour on the water-bath with alcoholic KOH, or by heating with alkali 
for 2 minutes only, lose a large part (over 80 %) of their antirachitic potency 
as estimated by prophylactic experiments on rats. 

2. Under exactly similar conditions, irradiated ergosterol (the International 

Standard of vitamin D) or cod-liver oil could be subjected to saponification 
either alone or mixed with butter without loss of potency. 
3. The fact that the stability to saponification of the antirachitic factor of 
cod-liver oil and of irradiated ergosterol is not adversely influenced by the 
presence of butter speaks against the existence in butter of a specific destructive 
factor and in favour of a true chemical difference between the antirachitic factor 
of butter and those of cod-liver oil and irradiated ergosterol. 


Our best thanks are due to Miss D. V. Dearden for the churning of the 
butters and to N. Gruber for much work involved in the preparation of the 
photographs. 
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CLXXVIII. AVIAN POLYNEURITIS. 


FURTHER STUDIES ON THE ACTION OF VITAMIN B, 
CONCENTRATES IN VITRO. 


By ARNOLD PETER MEIKLEJOHN}. 
From the Department of Biochemistry, Oxford. 


(Received June 6th, 1933.) 


THE evidence from recent work has strongly suggested that vitamin B, is 
concerned with the oxidative removal of lactic acid in the brain of the pigeon. 
Kinnersley and Peters [1929; 1930] showed that the polyneuritis of vitamin B, 
deficiency was intimately associated with a localised accumulation of lactic 
acid in the brain. Gavrilescu and Peters [1931] found that the oxygen uptake of 


minced brain from polyneuritic birds was lower than normal in the presence of 


glucose, and that the addition of a vitamin B, concentrate in vitro was capable 
of effecting a partial reparation of this defect. More recently it has been shown 
[Gavrilescu et al., 1932] that in the presence of lactate a similar defect in the 
oxidations of minced polyneuritic brain can be demonstrated, which is capable 
of being largely repaired by the addition of very small amounts of a vitamin B, 
concentrate in vitro”. No significant defect in the oxygen uptake of the brain 
was found in the absence of added substrates or in the presence of succinate. 
Experiments on birds recovering from polyneuritis after dosing with vitamin B, 
concentrate [Meiklejohn ef al., 1932] showed that there was an improvement in 
the oxidative behaviour of the minced brain with lactate, corresponding to the 
disappearance of the nervous symptoms, and with this improvement the effect 
of added vitamin B, concentrate in vitro diminished. It was concluded that the 
vitamin B, concentrates contain a substance capable of repairing the same defect 
both in the living bird and in the isolated brain, and that this defect is in the 
system responsible for the increased oxygen uptake of the isolated brain in the 
presence of added lactate. The evidence strongly suggests that the substance in 
the concentrates is the same chemical entity whose absence is also the cause of 
the symptoms of polyneuritis, that is, vitamin B, itself®. 

The simplest hypothesis in accord with the facts was that the defect in 
vitamin B,-deficient brain lay in the oxidative removal of lactate. If this were 
the case the addition of vitamin B, concentrate, in restoring to normal the lowered 
oxygen uptake of the deficient brain in vitro, should result in an increase in the 
removal of lactate. This has been made the subject of an investigation, the results 
of which are here described. The surprising result has been obtained that there 
is no apparent removal of lactate corresponding to the increased oxygen uptake 
induced by the addition of vitamin B, concentrate. 


Senior demy of Magdalen College. 
2 It must be emphasised that this effect is catalytic. In the experiments described in the 
present paper 16y of solid matter in the B, concentrate added is sufficient to cause an extra uptake 
of about 0-2 cc. or 300y of oxygen. 


For further evidence of identity see Passmore et al. [1933]. 
. t J 








Re ee 7 
2 








AVIAN POLYNEURITIS 


METHOD. 


The principle adopted has been to compare the oxygen uptakes of two equal 
portions of a homogeneous mince of avitaminous cerebrum, with and without 
the addition of vitamin B, concentrate, in the presence of similar amounts of 
added lactate, and to estimate afterwards the amount of lactate left by each. 

The technique employed was arranged to differ as little as possible from that 
of previous experiments [Gavrilescu ef al., 1932]. The birds, in head-retraction, 
were guillotined in the usual manner. The cerebrums only were removed and 
finely minced. The mince (wet weight, 0-6 to 0-8 g.) was divided into two 
approximately equal portions by weighing on a rough balance. Each half was 
then divided between two previously weighed Barcroft-Dixon bottles of usual 
type, each containing exactly 3 cc. of the same solution of sodium d-lactate! 
in phosphate-buffered Ringer of py 7-4, made up as described by Gavrilescu 
and Peters [1931, 1]. The concentration of the lactate solution was approximately 
0-006 M in all experiments. The exact weight of tissue in each bottle was deter- 
mined by a second weighing. Glass crushers were added to break up the mince, 
and to each of the bottles containing one-half of the mince was added 0-1 cc. of 
vitamin B, concentrate, containing approximately 1/10th pigeon day dose and 
8y solid matter. To each of the bottles containing the other half of the mince 
was added 0-1 cc. of a control solution; this, and the vitamin solution were 
prepared as previously described [Gavrilescu and Peters, 1931, 1]. The Barcroft 
apparatus were set up with the usual provision for carbon dioxide absorption 
and were filled with oxygen as in previous experiments. 

The oxygen uptake was measured over a period of 3 hours at 38°. In every 
case each apparatus was levelled-off once in the course of the experiment. After 
the last reading the bottles were detached and their contents treated as described 
below. 

Discussion of method. 


The method of dividing the minced tissue into two halves and comparing 
the behaviour of each requires that the mince shall be of a homogeneous nature. 
For this reason only the cerebrums have been used. On account of the small size 
of the pigeon’s brain it has been necessary to utilise the whole of the minced 
cerebrum to obtain a sufficient difference in the oxygen uptake between the 
control and vitamin-treated samples of the mince. Unfortunately this has made 
it impossible to perform any further estimations on the same tissue other than 
the simple comparison here described. 

d-Lactate has been used to reduce the total amount of lactate present to the 
lowest limit compatible with a reasonable oxygen uptake. For the same reason 
each half of the mince has been divided between only two Barcroft bottles. 
From this point of view it would have been more convenient to include the whole 
of each half of the mince in only one bottle; but dividing the tissue has two 
advantages, it reduces the amount of tissue in each bottle to a safe limit (100 
to 200 mg.), and provides a check on the oxygen uptakes by determining each 
in duplicate. 


1 The sodium d-lactate used was freshly prepared before each experiment from a recrystallised 
specimen of zine sarcolactate by the method of Meyerhof and Lohmann [1926]. The zine sarco- 
lactate was prepared, with the kind assistance of Mr R. B. Fisher, from horseflesh by a modification 
of Fletcher and Hopkins’s method [1907]. The recrystallised specimen was dried to constant weight 
at 120° and stored over CaCl, in a vacuum desiccator. A weighed sample gave a zinc oxide yield of 


99-5 % of the theoretical. 
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In practice it has not been found possible to divide each half of the mince 
into two exactly equal samples, but the oxygen uptake of each sample has always 
been found to be proportional to its weight, both in the control and vitamin- 


treated samples [see Dixon and Elliott, 1930]. The oxygen uptake per g. of 


tissue has been calculated from the uptake of each sample. In ten cases, from 
the experiments quoted in this paper, the difference between these figures from 
two samples of the same half of the mince has been less than 5 %, and in the 


remaining four less than 10 °,. This is an indication of the homogeneous nature 
of the mince. 


Che following are the results of three experiments in illustration of this. They have been 
selected for the inequality of tissue between the two samples. In most experiments the 


is peen more equal. 
Avitaminous cerebrum 


Oxygen uptake, per g. 
tissue in 3 hours, in 


Wet weight the presence of 
of tissue 0-006 M sodium 
Exp. No. mg. d lactate, ce. 

6 108 3°35 
207 3°38 
8 206 2-71 
147 2-69 
10 27 2-96 
209 2-96 


In theory at least the uneven division of each half of the mince requires that both the oxygen 
iptake and the lactate removal of each separate sample shall be directly proportional to its mass, 
if the method is to be acceptable. With regard to the oxygen uptake this is shown to be the case. 
But the problem of lactate removal must be considered. A large lactate removal, not accompanied 
by an uptake of oxygen and not proportional to the amount of tissue present, might theoretically 
effect the validity of the results. In practice, however, the uneven division of the tissue is roughly 
of the same order for each of the halves of the mince whose lactate removal is compared. This 


should largely compensate for the error introduced by such an improbable contingency. 


The calibration constants of the Barcroft apparatus, for converting scale 
divisions into mm. of gas absorbed, were determined under the exact conditions 
of the experiments as in previous work [Gavrilescu et al., 1932]. The constants 
so determined have a probable error of less than + 1 °%. This was confirmed by 
redetermining the constant of each apparatus during the course of the research. 


Subse que nt treatment for the estimation of lactate. 


Two methods have been employed for the precipitation of the proteins. At 
first trichloroacetic acid was used as a precipitant. Since it seemed possible that 
the results might be affected by the nature of the reagent employed, some further 
experiments were performed using Schenk’s method, as described by Lehnartz 
[1928]?. 


In particular reference should be made to the claim of Lehnartz that the presence of tri- 
chloroacetic acid interferes with the estimation of lactate solutions and produces variable yields. 
This applies to a distillation method of lactate analysis. This has not been confirmed in this research 
in which the method of Friedemann and Kendall [1929] has been used. The agreement between 
several estimations on the same lactate solutions has been very nearly as good as in experiments 
where Schenk’s method has been employed. (Within 0-02 cc. N/200 iodine on an average, as 
compared with an average variation of 0-01 cc. with Schenk’s method.) Such improvement as 
there has been with the adoption of Schenk’s method is thought to be due solely to increased skill 


in performing the estimations. 
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A. Trichloroacetic acid method. The procedure adopted was essentially the 
same as that of other workers [e.g. Kinnersley and Peters, 1930; Fisher, 1931: 
Ashford and Holmes, 1931]. The contents of each Barcroft bottle were treated 
with 0-5 cc. 20 % trichloroacetic acid immediately after the last reading of the 
oxygen uptake. The bottles were left in cold store overnight. The contents of 
the two control bottles were decanted into the same centrifuge-tube, and the 
bottles were washed out with three lots of 3 cc. of water. After centrifuging, the 
clear solution was poured off through a small filter-paper into a 200 cc. flask. 
The tissue in the tube was ground up with a glass rod in 0-5 cc. 20 % trichloro- 
acetic acid and left to stand with frequent stirring for half an hour. 6 ce. of 
water were added with stirring, the whole was centrifuged, and the washings 
were poured off through the filter into the flask. The whole operation was re- 
peated. The filter was then washed through with three or four lots of water. The 
bottles to which vitamin B, concentrate had been added were treated in exactly the 
same manner. To each flask was added | cc. 10 % copper sulphate solution and 
1 cc. 20 % lime suspension (sufficient to make the solution alkaline). Both were 
made up to the mark, and left for an hour before filtering through small creased 
filter-papers. The first few cc. of the filtrates were rejected. Two solutions were 
thus obtained containing the lactate left by equal amounts of cerebrum, which 
had been placed in equal quantities of the same lactate solution, and treated 
with and without vitamin B, concentrate respectively. 

B. Schenk’s method. After the last reading 5 cc. 3 °% HgCl, and 4 ec. 2 °% HCl 
were added to each bottle. After standing overnight the bottles were washed 
out and their contents centrifuged as in. the trichloroacetic acid experiments. 
The centrifugates were poured off into boiling-tubes, and the tissue left behind 
was twice ground up with glass rods and washed with 6 cc. of water. After 
centrifuging the washings were added to the boiling-tubes. To each tube about 
0-5 ce. 20 % NaOH was added, thus bringing the p,, of the solutions to about 2. 
After treatment with H,S for an hour and filtering into a vacuum flask, the 
filter was carefully washed, and air was drawn through the filtrate for several 
hours. The sojution was then washed out into a 200 cc. flask, 3 drops of phenol 
red solution were added, and the solution was roughly neutralised with 20 °, 
NaOH (about 0-8 ce.). Copper-lime treatment was carried out as before. 


Percentage recovery of methods. Two previously estimated lactate solutions were treated by the 
above procedures. The Schenk method gave a recovery of 100 % in both cases. The trichloroacetic 
acid method gave yields of 94 and 95 °%. The loss may arise in the initial filtration after removal 
of the precipitated proteins. No correction has been applied to the results for this loss, as it is not 


sufficient to affect them. 


Lactate determinations. The method of Friedemann, Cotonio and Shaffer 
[1927], as modified by Friedemann and Kendall [1929], was employed. The 
apparatus was of usual type, with the exception of the absorption tower. This 
was made according to a design devised by Mr R. B. Fisher. It consisted of a 
narrow-bored tube containing a single tier of large glass beads retained by a 
constriction at the bottom. The tower was designed to take only 2 cc. of bisul- 
phite solution, instead of the usual 10 cc. The solution employed was corre- 
spondingly more concentrated (4 %). By this method it was possible to wash 
out the bisulphite completely with only a small volume of water, and so to 
reduce the bulk of solution to be titrated at the finish. V/200 KMnO, was used 
for the oxidation, Na,HPO, to liberate the bound bisulphite and N/200 iodine 
for the final titration. The iodine solution was made up fresh every day from 
a stock N/10 solution, which was checked at intervals against standard 
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thiosulphate. A battery of three apparatus was constantly employed, each estima- 
tion being performed in triplicate on aliquot samples, containing 0-2 to 0-5 mg. of 
lactic acid. When two solutions were compared (control and vitamin-treated), 
the estimation of one was performed directly after that of the other, and 
as nearly as possible under the same conditions. The blank titration of each 
apparatus was frequently checked, and the percentage yield of the estimation 
was determined at intervals on a standard zinc lactate solution. The method 
gave constant yields of 92 + 1°, although the conditions of Friedemann and 
Kendall for a maximum yield have been observed throughout. A correction 
has been applied to all experimental results to bring these values up to 100%. 






RESULTS. 


1. Control and vitamin-treated avitaminous cerebrum in the presence of 
added lactate: oxygen uptake and lactate removal compared. 


lable I. 


I I] III 
Wet weight Oxygen uptake Lactate recovered 
of tissue in 3 hours after 3 hours 
mg. ce. mg. of lactic acid 
V. Vv. V. 
Cc. Vitamin- C. Vitamin- C. Vitamin- 
Exp. No. Control treated Control treated Control treated 
T richlore tic acid experiments : 
406 391 1-12 1-3 3-39 3°48 
3 362 344 1-06 1-27 2-46 2-46 
5 389 410 1-27 1-58 2-08 2-10 
6 316 318 1-06 1-23 2-78 2-87 
Schenk expe nent 
7 226 226 0-46 0-67 1-71 1-8] 
9 {08 397 0-95 1-14 2-97 2-97 
12 381 393 1-07 1-38 2-80 2-52 
14 387 390 0-97 1-23 3°39 3°19 
lable II. 
I I] III 
Observed Observed Expected lactate difference. 
lactate difference extra oxygen “Lactic acid equivalent” 
mg. lactic acid C.—V. in uptake of extra oxygen 
Col. III, Table I ec. V.-C. in mg. 
- Col. I, - - -———, 
Exp. No. ' Table I y 
l 0-09 0-10 0-22 0-30 0-05 
3 0 0-08 0-21 0-28 0-05 
5 0-02 0-10 0-31 0-41 0-07 
6 0-09 0-10 0-17 0-23 0-06 
7 0-10 0-05 0-21 0-28 0-03 
9 0 0-02 0-19 0-25 0-06 
12 0-28 0-02 0-31 0-41 0-06 
14 0-20 0-04 0-26 0-35 0-07 
Average 0-02 0-06 + 0-31 -0-06 


Cols. x and y represent the estimated maximum experimental errors 
in the figures in Cols. I and II respectively (see text). 
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The experimental results are given in Table I. 

In Table IT these results are compared. Col. I (of Table IT) gives the observed 
differences in lactate left by the control and vitamin-treated halves of the mince. 
The differences in oxygen uptake are given in Col. II; these figures represent the 
extra oxygen uptake due to the addition of vitamin B, concentrate. Previous 
work has suggested that this extra uptake is concerned with the oxidative 
removal of lactate. The least amount of lactate that this extra oxygen could 
remove is the amount that it would completely oxidise, and this is given in 
Col.,ITT. (1 ce. of oxygen would completely oxidise 1-34 mg. of lactic acid.) 

The maximum probable experimental error in these results is given in Cols. x 
and y. This has been calculated as follows. 


Errors. The error in weighing the tissue is negligible. An air-damped Sartorius balance was 
used throughout which is sensitive to 0-1 mg. 

The lactate recovered from each sample of minced tissue is calculated from at least three 
separate lactate estimations in each case. No single estimation in the experiments quoted differed 
from the mean by more than 0-03 cc. N/200 iodine. The maximum errors in Col. x are obtained 
by taking the outside figures of each group of three estimations. 

Each reading of the Barcroft apparatus is taken as being correct to within one scale division 


(about 3 mm.*). The final reading in all cases would then be correct to within + 1 %. The cali- 
bration constant of each apparatus has a probable error of + 1 %. The maximum error in the 
calculated oxygen uptakes is therefore + 2 %, and in the difference between two such estimations 
+4%. The “extra oxygen uptake” was 25 % of the control uptake on the average, and so 
the average maximum error in the “lactic acid equivalent” of the extra uptakes is 16 %. 
Calculated separately, the estimated maximum errors in these figures vary from + 9 to + 25%, 


and are given in Col. y. It must be emphasised that these are maximum errors. It is not likely 


that the actual errors have ever approached these figures. 


Xeference to Col. I of Table I shows that in some experiments there is an 
appreciable difference in the amount of tissue between the control and vitamin- 
treated portions of the mince. The difference is never more than 5 %. Never- 
theless this means that the observed extra oxygen uptake and difference in 
lactate removed is not an exact measure of the influence of the added vitamin B, 
concentrate. 


A 5 % excess of tissue in the control sample, for instance, will be sufficient to increase appreciably 
the oxygen uptake and the lactate removed above the figures that would be given by an amount 
of tissue exactly equal to the vitamin-treated sample. It will also increase the amount of lactate 
at the beginning of the experiment by virtue of the lactate preformed in the excess tissue. The error 
introduced by this difference in tissue may be accurately estimated by the following considerations. 
The oxygen uptake of the excess tissue will be proportional to its mass, and can be calculated from 
the uptake of the control sample. 


Table IT. 


Figures corrected as described in the text. 


Observed lactic Expected lactic 
acid difference acid difference 
Exp. mg. mg. 
l 0-05 + O:35 
3 + 0-04 0-35 
5 0-07 - 0-30 
6 0-09 0-22 
. — 0-10 +0-28 
9 + 0-02 0-29 
12 + 0-26 + 0-37 
14 + 0-19 + 0-3 





Average +0-03 +0:31 
























1316 A. P. MEIKLEJOHN 


The lactate removed by the excess tissue can be calculated from the results given in the next 
section. 1 g. of tissue has been found to remove about 4 mg. of lactic acid in 3 hours under these 
conditions. The preformed lactate in the excess tissue will increase the lactate at the start of the 
experiment by about 2 mg. per g. When the experimental results are corrected by these values, 
Table II then reads as above (p. 1315). These figures are subject to the same possible experi- 


mental errors as are the uncorrected figures. 


It will be seen that the general nature of the results cannot be affected by 
any small differences that have occurred between the amounts of tissue in the 
control and vitamin-treated halves of the mince. 

Reference to Col. I, Table LI, shows that these experiments have failed to 
demonstrate any marked disappearance of lactate corresponding to the extra 
oxygen uptake induced by the addition of vitamin B, concentrate to minced 
avitaminous cerebrum. In eight experiments, only two have shown any greater 
removal of lactate by the vitamin-treated tissue as compared with the control, 
and in these the increase in lactate removed is less than the least amount that 
could be expected if the extra oxygen uptake induced by the vitamin B, con- 
centrate were due to the oxidative removal of lactate. The differences in lactate 
removal between the control and vitamin-treated samples are of the order that 
might be expected from a slightly uneven distribution of enzymes in the minced 
tissue. 


Four other experiments have been performed, which have not been included in the results 
given. They have been rejected on various grounds, chiefly because they were found to be sus- 
ceptible to a rather wide margin of possible experimental error. In so far as any conclusions may 
be drawn from them they are in agreement with the foregoing results, and offer no evidence of 


uny contrary behaviour. 


There is one possible source of fallacy in the conclusions from these results 
which requires discussion. The production, or failure of oxidation, of some 
substance estimating as lactate in the vitamin B,-deficient tissue, in the presence 
of added vitamin B, concentrate, might be sufficient to mask an actual increased 
oxidation of lactate. The possibility of lactate oxidation in the brain sparing 
other oxidations has received consideration from other workers. The method of 
Friedemann and Kendall reduces the number of substances which are estimated 
as lactate to very few. If the results were due to such a substance it would be 
necessary that enough should accumulate in 1 g. of tissue to be estimated as about 
0-9 mg. of lactic acid. From the figures given by Friedemann, Cotonio and Shaffer 
this would require 4-5 mg. of cystine or 9 mg. of malic or glyceric acid. Most other 
substances would need to accumulate in much greater quantities. It is thought 
improbable that an increased lactate oxidation of the order that the added 
concentrate might induce could spare the removal of other substrates to this 
extent. 


This investigation has been somewhat handicapped by the small size of the pigeon’s brain. 
From the point of view of the estimations it would have been an advantage to perform large- 
scale experiments using several g. of minced cerebrum from a number of birds. Such a method 
has not been adopted for several reasons. In the first place it seemed possible that a mixture of 
tissue from several birds might introduce other variable factors, secondly it was desired to keep 
this research in line with previous work by using the same technique, and lastly it was impossible 
to rely on obtaining several birds in head-retraction at the same time. The experiments have 
therefore been performed on single cerebrums. The expected difference in lactate removal that 
has been investigated is admittedly small, and for this reason considerable care has been taken 
to define the accuracy of the results. It has been shown that the probable maximum errors are 


insufficient to affect the general nature of the results. 
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2. The removal of lactate by avitaminous cerebrum. 


As a subsidiary problem the removal of lactate by the minced avitaminous 
cerebrum has also been studied in the absence of added vitamin B, concentrate. 


l Table III. Minced cerebrum of polyneuritic pigeon incubated for 3 hours 
in the presence of added lactate. 
| All lactate figures given in terms of mg. of lactic acid. Lactate preformed in the tissue taken 
as ‘2 mg. per g. of tissue. Schenk’s method used in the extraction of lactate. 
} I II Tit IV V VI 
{ Wet Esti- Lactate Estimated Oxygen ‘Lactic acid 
weight of mated recovered lactate uptake equivalent” 
tissue lactate after removed in in3hours of oxygen 
Exp. No. g. at start 3 hours 3 hours ce. uptake 
7 0-23 2-42 1-71 0-71 0-46 0-60 
8 0-35 4-61 3-06 1-55 0-95 27 
9 0-41 4-71 2-97 1-74 0-95 27 
10 0-34 4-57 2-90 1-67 0-99 1-32 
11 0-38 4-48 2-92 1:56 1-08 1-44 
{ 12 0-38 4-50 2-80 1-70 1-07 1-43 
13 0-30 4-90 3°68 1-22 0-72 0-96 
14 0-39 5-08 3-39 1-69 0-98 1-31 


The experimental results are given in Table III. The table has been compiled 
from the figures of control samples of cerebrum in experiments set up primarily 

for the investigation of the problem discussed in the previous section. Exactly 
the same methods have been employed as have been previously described. 
Schenk’s method of protein precipitation was used. The lactate solution added 
to the tissue was previously accurately estimated. In calculating the amount 
of lactate at the start of the experiment allowance must be made for the lactate 
preformed in the tissue itself. Unfortunately there was never sufficient tissue 
left over after filling the Barcroft bottles to provide enough for an accurate 
estimation of the preformed lactate. 

Kinnersley and Peters [1929; 1930] have shown that the amount of lactate 
in avitaminous pigeon’s brain 1 minute after death is about 1-5 mg. per g. of 
tissue on the average. Thegeafter little further increased formation of lactate 
seems to occur in the tissue, even after incubation for | hour in Ringer at 38°. 
The highest figure found by them for avitaminous brain was 2-3 mg. per g. 

As a safe figure the total amount of lactate provided by the tissue itself can 
be taken as 2 mg. per g. (with a possible variation of 0-5 mg.). In Col. II of 
Table III an allowance for this amount of preformed lactate has been made in 
the estimated total lactate at the start of the experiment. 

Col. III gives the lactate recovered after incubating the tissue for 3 hours 
| in oxygen. This is calculated from the mean 6f at least three lactate estimations 
in each case. 

Col. IV gives the estimated lactate removed (Cols. II-III). 

For the purposes of comparison the total oxygen uptake is given in Col. V, 
and in Col. VI the “‘lactic acid equivalent”’ of the oxygen uptake (that is, the 
amount of lactic acid that it would completely oxidise). 

It will be seen that the total oxygen uptake would be only sufficient com- 
pletely to oxidise from 75 to 90 % of the lactate apparently disappearing. If 
the preformed lactate in the tissue is taken as 1-5 mg. per g. instead of 2 mg., the 
oxygen taken up could completely oxidise 85 to 100 % of the disappearing 
lactate. 
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An important factor in these experiments is the efficiency of the extraction of the lactate from 
the tissue. If the Schenk precipitate retained a significant amount of lactate, there would be an 
exaggeration of the apparent lactate removed. 

Previously estimated lactate solutions have therefore been added to minced brain under the 
conditions of an actual experiment and the mixture treated for lactate estimations as described 


previously. The following were the results obtained. 


Tissue Lactate Lactate 

added added recovered 
g. mg. of lactic acid 
Normal cerebrum 0-11 3-60 3°71 
os > 0-10 1-42 1-48 
Avitaminous cerebrum 0-10 1-83 2-02 


The lactate recovered is greater than the lactate added by an amount of the same order as 
the probable preformed lactate in the tissue. 
The experimental results of this section cannot therefore be attributed to experimental loss 


of lactate during the process of extraction. 


In view of the absence of direct determinations of the lactate preformed in 
the tissue, too much stress should not be laid on the figures given in Table ITI. 
Nevertheless these experiments show beyond doubt that minced vitamin B,-de- 
ficient cerebrum can remove a considerable quantity of lactate (1-40 mg./g. of 
tissue/hr. on the average). This would require for its complete oxidation at least 
the whole oxygen taken up by the tissue. 

"This presents the same problem as the work of Ashford and Holmes [1931] 
on rabbit’s brain, and, in the same way, suggests a removal of lactate by some 
path other than direct oxidation. 

The large removal of lactate seems to make it still more probable that there 
is no defect in the removal of lactate by the minced vitamin B,-deficient brain}. 


DISCUSSION. 


The results of this research indicate that the nature of the lesion in vita- 
min B,-deficient brain is less simple than previous evidence suggested. The lesion 
results in a lowered oxygen uptake of the minced brain in the presence of 
lactate. The addition of vitamin B, concentrate to the minced brain largely 
restores the lowered uptake and yet causes no corresponding increase in the 
removal of lactate. The vitamin B, concentrate must be concerned with the 
oxidation of some substance other than lactate itself, although its action is in 


| The investigation of the removal of lactate by the normal brain is not part of the object of 
this research. Two preliminary experiments however suggest that it is of the same order as in 
the vitamin B,-deficient brain. The results of these experiments are given below. 
Lactic acid equivalent of 
oxygen uptakes (mg.) 
Normal minced cerebrum —_A—_—., 
ae : . Extra 





Wet Lactic uptake 
Duration of weight d-Lactic acid due to 
incubation of tissue acid added removed Total lactate 
in oxygen mg. mg. mg. uptake addition 
Bird A: 
Sample I 90 mins. 120 3-60 0-35 0-47 0-18 
I] 90 ,, 130 3-60 0-48 0-18 
Bird B: 
Sample I 120 mins. 100 1-42 0-42 0-45 0-22 
Il 120 ,, 100 1-42 0-40 0-19 
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some way dependent on the presence of lactate!. The evidence of previous work 
can leave little doubt that vitamin B, concentrate specifically restores the 
oxidation that is defective in the minced vitamin B,-deficient brain?. If this 
evidence is accepted, it must be concluded that this defect in oxidation does not 
interfere with the removal of lactate itself in the minced brain. On the other 
hand the accumulation of lactate in the living brain in vitamin B, deficiency 
[Kinnersley and Peters, 1929; 1930] suggests that the removal of lactate is 
defective in vivo. It has been suggested previously that lactate may be removed 
in-the brain by some path other than direct oxidation. The lesion in vitamin 
B,-deficient brain may affect an oxidation at some essential stage in the meta- 
bolism of lactate subsequent to its initial removal. This might result in the 
accumulation of lactate in the living brain; while under the artificial conditions 
of minced brain in vitro, it might have no influence on the initial removal of 
lactate, but result instead in the continuous formation and accumulation of the 
product of lactate whose oxidation is impaired by the lesion. The evidence can 
be interpreted in other ways, but it is thought that this forms the most simple 
explanation at the present time. 

It is concluded from this research that the lesion in vitamin B,-deficient brain 
affects an oxidase system that is associated with lactate, but is not concerned 
with the removal of lactate itself in isolated brain tissue. 


SUMMARY. 


1. Previous work has shown that the oxygen uptake of minced pigeon’s 
brain in the presence of lactate in vitamin B, deficiency is lower than the normal. 
The addition in vitro of vitamin B, concentrate, in small amounts, largely 
restores the defect. 

2. It is here shown that the addition in vitro of small amounts of vitamin B, 
concentrate, while increasing the oxygen uptake of the avitaminous cerebrum in 
the presence of added lactate causes no significant increase in the amount of 
lactate removed. 

3. The minced cerebrum of the vitamin B,-deficient pigeon readily removes 
lactate in vitro. The amount removed in 3 hours is sufficient to require at least 
the total oxygen. taken up by the tissue for its complete oxidation. 


I wish to express my most sincere thanks to Prof. Peters for his constant 
encouragement and advice during the course of this research. I also wish to 
thank Mr R. B. Fisher for his advice on the method of performing the lactic 
acid estimations and for his assistance in the preparation of the specimen of 
d-lactate used. I am also indebted to Mr Kinnersley for supplying the vitamin 
concentrate. 


1 In previous experiments [Gavrilescu et al., 1932] it was shown that the addition of vita- 
min B, concentrate in vitro increased the oxygen uptake of vitamin B,-deficient cerebrum by 
145 mm.*/g./hr. on the average in the absence of added substrates, and 340 mm.°/g./hr. in the 
presence of added lactate. The small increase in the absence of added substrates was attributed 
to the presence of lactate preformed in the tissue itself. 

2 The addition of vitamin B, concentrate to the avitaminous brain in the presence of succinate, 
and to the normal brain with lactate, causes no significant increase in the oxygen uptake [Gavril- 
escu et al., 1932]. Furthermore in birds recovering from polyneuritis the effect of the concentrate 
in the presence of lactate decreases as the oxidative behaviour of the brain with lactate improves 
[Meiklejohn e¢ al., 1932]. 
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WHILST various attempts have been made to solve the problem as to whether 
the passage of protein through the kidney involves structural alteration of the 
molecule, no complete investigation on the subject has been carried out. 

Hynd [1925] found close agreement in specific rotation between the serum- 
and urine-albumin in the albuminuria of pregnancy except for certain cases of 
eclampsia in which the urinary albumin was apparently identical with cow’s 
lactalbumin. His results, however, are not reliable since his proteins were not 
entirely lipoid-free, and the solutions which he used for the optical rotation 
measurements were so dilute that in some cases his experimental error was 
probably nearly 30 %. 

Hewitt [1927, 1; 1929] observed that albumins from the serum and urine of 
patients with chronic nephritis and albuminuria were identical in optical rotatory 
power and concluded that serum-albumin probably leaks through the kidney 
unchanged. He could not confirm the results of Hynd [1925]. Hewitt’s method 
of separation of the albumins from serum and urine appears to be satisfactory, 
but his investigation of these proteins was confined to observations of their 
specific rotatory powers. Also, this worker makes no attempt to isolate his 
albumins in the solid form, but relies upon determinations of nitrogen in their 
solutions for the caiculation of the protein concentration, apparently assuming 
that the proteins are sufficiently pure for the nitrogen percentage in them to 
be taken as equal to the theoretical value. 

A study of the physical properties of proteins as a means of their identifica- 
tion has been carried out by various workers. 

Hardy and Gardiner [1910] and Young [1922] have shown that the optical 
rotation of proteins differs with variations in the py, of the solution, and 
Woodman [1921] has demonstrated that the optical rotation of a protein in 
alkaline solution falls for about 2 weeks. If the rotation is plotted against time, 
a definite curve is obtained. This worker suggests that this racemisation curve 
is a most satisfactory means of identifying a protein. 

Cavett and Gibson [1931] have shown that the racemisation curves given 
by albumins and pseudoglobulins from nephritic urines are similar to those of 
the corresponding serum-proteins. These workers, however, appear to have 
assumed that a single fractional precipitation is sufficient completely to separate 
the albumin and the globulin in the mixed protein. Experience has shown that 
at least three or four fractional precipitations with ammonium sulphate are 
necessary if the proteins are to be obtained in a purified form, and it is of 
interest to note that all proteins relied upon by Woodman for his work on 
racemisation were fractionally precipitated seven times, while Hewitt [1927, 1, 2; 
1929], who investigated the optical rotation of urinary albumin, precipitated his 
protein three times with ammonium sulphate. 
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Govaerts [1924; 1927; 1929] and Verney [1926] have investigated the osmotic 
pressures of the serum-proteins from nephritic patients. Both these workers, 
however, appear to have confined their attention to a study of the osmotic pressure 
of whole serum, and no evidence of an attempt to determine the osmotic pressure 
of solutions of the separated serum-proteins could be found in the literature. 

Schretter’s [1926] survey of previous work on the specific refractions of 
proteins in normal and pathological sera shows that the results obtained by 
various workers differ widely one from another, probably owing to the impure 
proteins employed by the different workers. Adair and Robinson [1930] have 
carried out a very careful study of the specific refraction increments of recrystal- 
lised albumin and globulin from horse-serum, and they have shown that the 
value is a constant for any given protein. 

It was thought that it would form a most interesting study to investigate 
the identity of the urine- and serum-proteins of nephritic patients by means of 
the Van Slyke [1911] nitrogen distribution method and further to examine 
these proteins by a study of their racemisation curves, osmotic pressures and 
specific refractions. It was hoped that by combining the results obtained by 
chemical and physical means to obtain definite information as to whether the 
protein is excreted as a foreign body or whether it leaks through the kidney 
unchanged. 


Source of material. 


A normal healthy man was selected as a source of material for the normal 
plasma-proteins, whilst the blood and urine in cases of proteinuria were obtained 
from in-patients of the Middlesex Hospital. 


S. B. This patient was a man, aged 57, who had been under observation for some 3 years. 
He was a typical case of nephrosis with marked oedema, a high blood-cholesterol and massive 
proteinuria. During the period that the specimens were collected there was no evidence of inter- 
stitial changes in the kidney. The patient subsequently developed these, and at autopsy the 
kidney showed severe parenchymatous degeneration with superadded interstitial changes. 

The other four cases, H. P., H. F., D. J. and E. F., were suffering from what would be described 
as chronic parenchymatous nephritis associated with long-standing proteinuria. The patients had 
all given a history of acute or sub-acute nephritis, and were clinically and biochemically distinct 
from the case of 8S. B. 


Preparation of proteins. 


Urine-proteins. The method employed for the precipitation and purification of the urine 
proteins was similar to that used by Hewitt [1929]. The fresh urine was filtered and 2-3 times 
its volume of saturated ammonium sulphate solution was added. The py was adjusted to 4-7 by 
the addition of acetic acid, and the precipitation was allowed to continue overnight. The precipitate 
was then separated by means of the Sharples centrifuge, ground up with a small quantity of water 
and added gradually and with constant shaking to 10 times its volume of a mixture of absolute 
alcohol (7 volumes) and ether (3 volumes) cooled to a temperature of —5°. The mixture was 
allowed to stand at a low temperature overnight and the precipitated proteins filtered off on 
a Biichner funnel, washed thoroughly, first with alcohol and ether mixture and finally with 
ether alone. The precipitate was then transferred to a Soxhlet apparatus and extracted with dry 
ether for 24 hours, any alcohol present in the cther being removed by the presence in the 


flask of a small piece of sodium. Both the ether and the sodium were renewed at the end of the 


first 2 hours. When the extraction was complete the proteins were spread in the air to dry. 

Serum-proteins. The serum, prepared by the usual laboratory method, was poured slowly 
into 10 times its volume of a mixture of alcohol (7 parts) and ether (3 parts) cooled to —5° as 
recommended by Hewitt [1927, 1, 2]. The precipitation was allowed to proceed to completion over- 
night, and the precipitated proteins were treated in a manner similar to that described for the 


urine-proteins. 
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Separation of albumin and globulin. 


Urine-proteins. The mixed proteins were ground in a mortar with a small quantity of distilled 
water until they had become thoroughly moistened, the quantity of water being gradually in- 
creased to a suitable volume, and the solution was then neutralised by the addition of a few drops 
of ammonia. The clear solution thus obtained was filtered from the small amount of insoluble 
material which remained and treated with half its volume of saturated ammonium sulphate 
solution. After the precipitation had continued overnight the globulin was filtered off on a fluted 
paper and the filtrate half-saturated with ammonium sulphate. In most cases there was no 
further precipitate, but where a turbidity was produced the solution was filtered and the pre- 
cipitate discarded. The precipitation of globulin at } saturation with ammonium sulphate, instead 
of at the more usual } saturation, lessens the possibility of contamination of the precipitate with 
albumin, since the dry mixed protein contains a considerable percentage of ammonium sulphate 
which increases the concentration of this salt beyond the calculated value. 

Sufficient ammonium sulphate solution was next added to the filtrate to render the final 
concentration of the salt 70%, and the py was adjusted to 4-7 by the addition of acetic acid. 
Next morning the precipitated albumin was filtered off on a fluted paper. The globulin and 
albumin were redissolved in water and reprecipitated 3 times at concentrations of 4 and 70% 
saturation with ammonium sulphate. 

After the final filtration the precipitates were taken up with water and the solutions dialysed 
through cellophane bags against running water for 3 days, then against distilled water which was 
changed daily until the protein solution was free from ammonia. The dialysed solution was filtered 
and evaporated down to small bulk in vacuo at 40°, the solution being allowed to drop into the 
distilling flask, from a funnel drawn out to a capillary, as fast as the water was removed by dis- 
tillation. The concentrated solution of pure protein was added drop by drop to a mixture of 
alcohol (7 parts) and ether (3 parts) cooled to —5° as before, and, after standing for some hours, 
the proteins were filtered off on a Biichner funnel, dried in vacuo over sulphuric acid and weighed. 

Serum-proteins. The precipitated serum-proteins were separated by a method similar to that 
employed for the urine-proteins, but all precipitations were carried out in a 100 cc. centrifuge-tube, 
and the precipitates were centrifuged instead of being removed by filtration. Globulin was 
precipitated 4 times at 4 saturation with ammonium sulphate. After each precipitation of 
the globulin, the concentration of ammonium sulphate was increased to 50%. In some cases 
a very small precipitate was formed but never in sufficient quantity to warrant further investiga- 
tion. It was therefore removed by filtration, the ammonium sulphate concentration was increased 
to 70% and the albumin precipitate centrifuged off, taken up with water and reprecipitated 
3 times. The solutions of the separated proteins were dialysed as before, then filtered, and the water 
was removed by leaving the solutions in a vacuum desiccator over sulphuric acid for about a week. 

It will be observed that the above method of isolation of the proteins from serum or from 
urine makes no attempt to separate the two globulins, euglobulin and pseudoglobulin, by frac- 
tional precipitation. According to various workers [see Hartley, 1914; Woodman, 1921; Cavett 
and Gibson, 1931] euglobulin is precipitated at 4 saturation with ammonium sulphate, and 
pseudoglobulin at } saturation with this salt. It has already been pointed out, however, that 
it is difficult to ascertain exactly the ammonium sulphate concentration of the solution during 
the process of fractional precipitation, and it was thought that it would be more satisfactory to 
carry out analyses on the total globulin rather than to attempt a separation of the two globulins 
which would certainly be most unreliable. Hartley [1914] has shown that analyses of euglobulin 
and pseudoglobulin failed to reveal any striking differences in the chemical composition of these two 
substances. 

Analysis of wrine- and serum-proteins by the Van Slyke 
nitrogen distribution method. 


The small amounts of serum-albumin and globulin available for analysis necessitated the 
use of a micro-method for the determination of the Van Slyke [1911] nitrogen distribution. The 
procedure adopted was that of Narayana and Sreenivasaya [1928] with the modifications that the 
ammonia-N was determined by the method of Plimmer and Rosedale [1925] and the arginine-N 
by a micro-adaptation of the method of Koehler [1920]. 
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Table I. Comparative analyses of urine-albumin by the micro- and macro- 
methods of determination of the nitrogen distribution. 


(Results expressed as percentage of total N.) 


Duplicate analyses by the 


1 


Ammonia-N 6-63 
Humin-N 1-12 
Arginine-N 7-99 
Histidine-N 7-01 
Cystine + lysine-N 14-44 
Amino-N of filtrate 60-34 
Non-amino-N of filtrate 2-02 
Total N recovered 99-55 


micro-method 





7-82 
6-53 
14-77 
61-16 
1-88 


99-69 


Analyses by Plimmer 


and Rosedale’s 
modification of 
Van Slyke’s method 

6-40 

1-49 

7-54 

5-09 

20-50 

58-29 

1-53 


100-84 


The results of these determinations are shown in Table I and it will be 
observed that the agreement between the results for the duplicate analyses by 
the micro-method is fairly close. Apart from the histidine, which is a calculated 
percentage and which is therefore most liable to error, the variation is always 


less than 0-5 ° 


of the total nitrogen. Certain differences between the results of 


the analyses by the micro- and macro-methods are, however, apparent. The 
micro-method gives results for the cystine- and lysine-nitrogen which are about 
6 % lower than those obtained by the macro-method, while the value for the 
non-basic nitrogen is definitely higher. This difference is explained by the fact 
that the precipitation of the bases in the micro-method is carried out in a more 
dilute solution than when the experiment is performed on a macro-scale. Hence 
a larger correction for the solubility of the bases must be applied in the case of 
the small scale experiment. Since no figures are available for this correction, and 
since it did not fall within the scope of this work to determine them, it was 
decided that in order to obtain comparative results for the analyses of the 
urine- and serum-proteins it would be necessary to carry out all the analyses by 


the micro-method. 


The results of these analyses are shown in Tables IT and III, being expressed 


as percentages of the total nitrogen in the protein. 
It will be observed that there are no very striking differences between the 
values obtained for urine-protein and those of the corresponding serum-protein 


in patients suffering from nephritis or nephrosis. From this it may be concluded 
that there is no chemical alteration in the structure of the protein during its 


passage through the kidney. 


Table IT. 


nitrogen distribution method. 


(Results expressed as percentage of total N.) 











Ss. B a, P. 

Urine Urine- Serum- 

albumi! ulbumin albumin 
Ar nia-N 6-63 7-6 7-08 
Humin-N 1-12 1-48 0-70 1-50 
Arginine-N 7-99 7-80 8-01 
Histidine-N 7-01 28-93 7-52 7-68 
Cystine +lysine-N 14-44 11-75 11-25 
Amino-N of filtrate 60-34 60-86 61-08 61-88 
Non-amino-N of filtrate 2-02 2-97 3-16 2-43 
Total N recovered 99-55 100-49 99-67 99-83 














D. 


H. F. 

Urine- Serum- Urine- 
albumin albumin albumin 
7-13 7-40 

0-73 0-40 

7-83 8-64 

6-56 6°34 

12-18 11-93 

60-97 61-57 61-33 
2-86 3°37 2-94 
99-23 99-37 98-98 





Analyses of urine- and serum-albumins by the Van Slyke 





J 
E. F. Normal 
Serum-  Urine- serum- 
Ubumin albumin albumin 
7-38 7-31 
0-66 0-47 
8-00 8-22 
7-66 6-83 
11-76 12°38 
61-93 59-89 60-60 
3-04 3-54 3°55 
99-43 98-89 99-36 
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Table III. Analyses of urine- and serum-globulins by the Van Slyke 


nitrogen distribution method. 


(Results expressed as percentage of total N.) 

















A comparison of the analyses of the proteins from different patients shows 
some very interesting results. The albumins and globulins in the urine and 
serum of patients suffering from nephritis are apparently identical with those 
of normal human serum. In the case of nephrosis, however, certain slight 
differences are apparent. The corresponding urine- and serum-proteins are 
identical, but the analyses of these differ in certain respects from those of the 
proteins from normal serum or from the urine or serum of patients who are 
suffering from nephritis. The most marked difference is seen in the percentage 
of ammonia-N. This in the case of the urine- and serum-albumin from a patient 
suffering from nephrosis is about 1 % lower than the mean value obtained 
from normal serum-albumin and nephritic urine- and serum-albumin. The 
corresponding value for globulin in nephrosis is about 2 % higher than the 
normal value. Slight differences are also noted in the percentage of nitrogen 
in the basic and non-basic fractions. The basic nitrogen for albumin has a value 
2 % higher in the case of nephrosis, while the basic nitrogen in the globulin is 
about 2 % lower than in the normal protein. These differences are small, and 
since only one case of nephrosis was studied, no definite statement can be made 
regarding this apparent slight alteration in the chemical structure of the urine- 
and serum-proteins in nephrosis. 


The racemisation curves of urine- and serum-proteins. 


The racemisation of the proteins was investigated by a method similar to 
that employed by Cavett and Gibson [1931]. 

About 0-4 g. of the urine-protein was shaken with 10 cc. of distilled water 
and left to stand overnight. 10 cc. of N NaOH were then added, and the mixture 
was well shaken and filtered through a pad of asbestos in a small Gooch crucible. 

3y these means about 20 ce. of a clear solution consisting of 2 °% protein in 
N/2 NaOH were obtained. 

Polarimeter readings were taken at intervals of a few hours during the first 
day, and subsequently only once every 24 hours, and the racemisation was 
allowed to proceed for 10 days. A Schmidt and Haentsch polarimeter was 
employed, and a Zeiss electric sodium vapour lamp was used as a source of light 
(A = 5893 A.). This lamp, whose intensity is about 50-100 times as great as that 
of a Bunsen burner with rock salt, enabled the polarimeter readings to be taken 
with ease and accuracy, and without any undue strain on the eyes. 

After each reading, the 10 cc. of protein solution in the polarimeter-tube 
were added to the remainder of the same solution in a test-tube, which was 
then stoppered and incubated at 38° throughout the racemisation period. When 





S. B. He. P. H. F. Db: J. 

peasy rites ———A—, ; — E. F. Normal 

Urine- Serum- Urine- Serum- Urine- Serum- Urine- Serum-_ Urine- serum- 

globulin globulin globulin globulin globulin globulin globulin globulin globulin globulin 

Ammonia-N 11-46 11-89 10-42 8-65 9-80 9-27 9-02 9-04 9-79 9-25 
Humin-N 0-96 1-52 1-70 0-41 1-10 0-56 0-74 1-62 0-53 
Arginine- 9-70 10-07 10-22 10-01 10-20 10-49 11-57 10-98 10-67 
Histidine-N 4-72 5-18 5-21 4-52 5-24 4-23 2-80 2-96 4-21 
Cystine +lysine-N 7-16 7-08 7-78 9-63 8-3] 7-4G 10-33 9-28 9-78 
Amino-N of filtrate 63-37 61-46 58-70 60-88 60-82 63-82 61-93 58-22 61-32 
Non-amino-N of filtrate 3-08 3-16 5°43 5°84 3-58 3-71 2-76 2-76 6-70 3-57 
100-45 100-36 99-46 99-94 99-05 99-54 99-98 99-17 99-55 99-33 
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it was desired to take another reading, the solution was removed from the 
incubator, cooled in running water, and the clean dry polarimeter-tube was 
refilled. This procedure makes it possible to carry out a series of readings on 
solutions of several proteins simultaneously, even though cnly one polarimeter- 
tube is available. The 20 cc. of protein solution originally prepared. were suffi- 
cient to fill the tube 10 or 11 times provided that care was taken during the 
filling process. 

In the case of the serum-proteins, where only a small amount of material 
was available, a micro-polarimeter-tube was employed, 8 cm. in length and of 
0-15 cc. capacity. 

About 0-1 g. protein was dissolved in 5 cc. N/2 NaOH and the solution was 
filtered. The polarimeter-tube was freshly filled between each reading as before. 

The specific rotatory power of the protein at each stage during the racemisa- 
tion period was calculated from the mean value of 10 polarimeter readings. 
At the end of the experiment an aliquot portion of the protein solution was 
diluted to 5 times its volume and the total N determined on duplicate portions 
of 2 cc. by the micro-Kjeldahl method. The percentage of total N in the dry 
protein having been previously estimated, the concentration of protein in the 
solution could be calculated. From these results the specific rotatory powers 
could be determined, and these are shown in Figs. 1-4 where specific rotatory 
power is plotted against time of racemisation. 

There is evidently no striking difference between the optical rotation of 
the urine-protein and that of the corresponding serum-protein in patients 
suffering from nephritis or nephrosis. These results confirm those which were 
obtained from the chemical investigation of the same proteins and indicate 
that there is no alteration in the structure of the protein during its passage 
through the kidney. 

It will be observed from Fig. 1 that the points plotted for the racemisation of 
urine-albumin from five different patients suffering from nephritis or nephrosis 
all lie on the same curve as those for normal serum-albumin. Similar results 
are obtained tor the serum-albumins (Fig. 2), the urine-globulins (Fig. 3) and 
the serum-globulins (Fig. 4). Hence the albumins and globulins in the urine 
and serum of patients suffering from nephritis are apparently identical with 
those of normal human serum, so far as their optical rotations are concerned. 
Certain slight differences in the chemical structure of the proteins in the case 
of nephrosis have already been noted. A similar difference was not apparent 
in the optical properties of the proteins. The albumins and globulins from the 
urine and serum of a patient suffering from nephrosis are apparently physically 
identical with those of normal human serum. 

It is probable therefore that in nephrosis there is some alteration in the 
arrangement of the amino-acids in the serum- and urine-proteins, but this 
difference is not detectable by a measurement of their optical rotations. 


Measurement of the osmotic pressures of urine- and serum-proteins. 


The apparatus used for the measurement of the osmotic pressures of solutions 
of albumin and globulin from urine and serum was similar to that described 
by Verney [1926], except that one osmometer only was used, instead of the 
series employed by him. A water manometer was used to measure the osmotic 
pressure, and a disc of cellophane (substance 300) was employed as the semi- 
permeable membrane. 


The precautions which Verney took to sterilise the parts of his apparatus 
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were found to be unnecessary, when, instead of serum, a solution of purified 
protein was used. The metal parts were coated with a thin layer of paraffin 
wax before the commencement of the experiment. 

The albumin or globulin was dissolved in 0-9 % sodium chloride solution 
so that the protein concentration was approximately 6 %, and 0-9 % sodium 
chloride solution was used as the external liquid. Verney’s procedure was 
followed exactly, and the osmosis was allowed to continue for 24 hours. After 
taking the manometer reading the protein solution was removed and the total N 
determined. Duplicate osmotic pressure determinations for each protein were 
made, and the results were expressed as osmotic pressure (em. water) per g. 
protein per 100 cc. They are shown in Table IV. 


Table IV. Osmotic pressures of urine- and serum-proteins. 


(Calculated per g. protein per 100 cc.) 





O.P. of O.P. of O.P. of O.P. of 
urine- Temp. serum- Temp. urine- Temp. serum- Temp. 
albumin C. albumin C. elobulin C. globulin C. 
S. B. 8-810 15 8-973 16 1-704 16 1-763 18 
a 9-400 17 — — 1-796 16 1-754 17 
5 ae 7-868 15 8-240 18 1-758 15 1-745 18 
ya: 8-596 16 8-058 17 1-719 16 1-678 17 
c. FF. 8-775 15 1-765 15 - — 
Normal — — 8-862 17 — — 1-769 18 


It will be observed from the results that the osmotic pressure per g. urine- 
albumin per 100 cc. is almost identical with the osmotic pressure of the corres- 
ponding serum-albumin, and similar results are obtained for the urine- and 
serum-globulins. The variation in the values for the osmotic pressures of the 
proteins from the different patients is very small. A mean value of 1-75 cm. wate 
per g. protein per 100 cc. is obtained for the osmotic pressure of urine- and serum- 
globulins, while the corresponding value for the albumins is about 8-65 cm. 

Govaerts [1927] obtained values for the osmotic pressures of serum-globulin 
and albumin of 1-95 and 7-54cm. water respectively. His values were not 
obtained by direct measurement however but were calculated from a knowledge 
of the osmotic pressure, the protein-N content and the albumin/globulin ratio 
of the serum. Von Farkas [1927] obtained values of 2-51 and 6-80 cm. water 
per g. globulin and albumin per 100 cc. respectively. 

The results shown in Table IV for the osmotic pressure per g. globulin per 
i00 cc. are a little lower than those obtained either by Govaerts or by von Farkas, 
while the corresponding values for albumin are slightly higher than those found 
by these other workers. 

Govaerts [1927] states that the values obtained by him are merely empirical 
values, obtained as the result of observations, and must not be regarded as 
physico-chemical constants. Howe’s [1924] method, which was employed by 
Govaerts for the determination of the albumin/globulin ratio, cannot be con- 
sidered to be quantitatively accurate. A small error in the protein separation 
will make a considerable difference to the albumin/globulin ratio and conse- 
quently to the calculated osmotic pressure for each protein. The method em- 
ployed in the present instance for the fractional precipitation of the urine- and 
serum-proteins and the use of solutions of the separated proteins for the osmotic 
pressure determinations eliminate all error due to an incomplete separation, 
and the osmotic pressure measurements are accurate to within 3 %. Govaerts 
considers his results to have an accuracy of 10 %. 












eo ee 


nse 


ees 





— 


~ 


a RR 








URINE- AND SERUM-PROTEINS IN NEPHRITIS 1329 





The specific refractions of urine- and serum-proteins. 


The specific refractions of the urine- and serum-proteins were determined 
by means of a Zeiss portable interferometer. The instrument was first calibrated 
by means of sodium light, but white light was used for all subsequent measure- 
ments. The proteins were ground up with 0-9 °%, sodium chloride solution, filtered 
through a pad of asbestos, and the clear solutions were used for the specific 
refraction determinations. Sodium chloride solution, of exactly the same strength 
as that used for dissolving the protein, was placed in the comparison chamber 
of the apparatus. After the interferometer readings had been taken, total N 
was determined on duplicate 1 cc. portions of the protein solution, and from the 
results the percentage of protein in the solution was calculated. 

The specific refraction of each solution was calculated and hence the specific 
refraction of a 1 % solution of protein in 0-9 % sodium chloride solution could 
be determined. 


Table V. Specific refractions of urine- and serum-proteins. 
(Calculated for a 1 °% solution.) 


Urine-albumin Serum-albumin  Urine-globulin Serum-globulin 


S. B. 0-001965 — 0-002053 0-002132 
H. P. 0-001982 — 0-001923 0-002067 
mF. 0-002000 0-001977 0-001928 0-001905 
D. J. 0-001992 0-002071 0-002261 0-002198 
E. F. 0-001914 — 0-002155 ae 

Normal a= 0-001968 0-002053 


The results of these measurements are shown in Table V, and it will be 
observed that there are no striking differences between the specific refractions 
of the urine- and serum-albumins, or of the urine- and serum-globulins. The 
values for the albumins vary over a very small range, from 0-00191 to 0-00207. 
The variation in the values for the urine- and serum-globulins is somewhat 
greater, the figures ranging from 0-00191 to 0-00226. The values obtained for 
the urine- and serum-proteins of any one patient, however, are in close agreement. 

Adair and Robinson [1930] obtained a mean value of 0-00181 for the specific 
refraction increment of recrystallised horse serum-albumin, while their corre- 
sponding value for globulin was 0-00186. Other workers [Starlinger and Hartl, 
1925; Schretter, 1926] have investigated human serum-proteins and have ob- 
tained a mean value of 0-00200 for the specific refraction of albumin and 
0-00219 for human serum-globulin. 

Thus, the results obtained from the present experiments agree fairly closely 
with those obtained by other workers. 

The variation in the specific refraction of the proteins studied is sufficiently 
small to warrant the conclusion that there is no alteration in the physical 
structure of the serum-proteins in nephritis or in nephrosis so far as can be 
determined by measurements of their specific refractions. 


DISCUSSION. 


The results of the investigations which have been made on the nitrogen 
distribution, racemisation, osmotic pressure and specific refraction of urine- 
and serum-proteins from nephritic patients indicate that the corresponding 
urine- and serum-proteins from any one patient are identical. 
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In ordinary nephritis and in prolonged proteinuria there appears to be no 
alteration in the structure of the proteins. This fact seems to decide once and 
for all that there is no defect in protein synthesis in these cases. 

As judged by physical methods the proteins from patients suffering from 
nephritis and nephrosis appear to be the same. Chemically, however, they are 
distinct, though the differences noted are not very great. Since only one case 
of nephrosis was studied, no great emphasis can be laid on this slight difference 
in chemical structure. 

Since the physical characteristics of the proteins are the same in all cases 
studied, it appears unlikely that these slight chemical differences in the case of 
nephrosis are of any clinical importance. 


SUMMARY. 


1. The albumins and globulins from the urine and serum of nephritic 
patients, and from normal human serum, have been separated by fractional 
precipitation with ammonium sulphate. 

2. The separated albumins and globulins were analysed by a micro-modifi- 
cation of the Van Slyke nitrogen distribution method. Measurements of the 
optical rotation and racemisation, osmotic pressure and specific refraction of 
the proteins have also been made. 

3. The results of these analyses indicate that the proteins isolated from 
the urine of patients suffering from nephritis or nephrosis are identical with the 
corresponding serum-proteins and there is no evidence of any alteration in the 
chemical or physical structure of the proteins during their passage through 
the kidney. 

4. The proteins isolated from the urine and serum of patients suffering from 
nephritis appear to be identical in chemical and in physical structure with those 
of normal human serum. 

5. The urine- and serum-proteins of a patient suffering from nephrosis 
exhibit certain slight differences in chemical structure from the normal serum- 
proteins. The racemisation curves, osmotic pressures and specific refractions 
of the urine- and serum-proteins of a patient suffering from nephrosis, however, 
appear to be identical with those of the proteins from normal human serum. 
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